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Recent studies by research scientists have further 
increased the uses of the Analytical Ultracentrifuge for 
measuring molecular weights and purity of viruses, 
enzymes, proteins, polymers and a variety of organic 
and inorganic molecules. Here are four new 
developments as reported in the technical literature. 








Kegeles and Rao at Clark University have measured the 
molecular weights of chemically reacting systems in the ultra- 
centrifuge cell using the Archibald “approach-to-equilibrium” 
method. Studying the enzyme system alpha-chymotrypsin, they 
showed it to be present in the ultracentrifuge cell as an 
equilibrium mixture of monomers, dimers, and trimers. This 

is an extension of previous work which showed that the 
Archibald method applies to polydisperse non-ideal solutions, 
as well as to monodisperse ideal solutions. 


Trautman, at New York’s Rockefeller Institute for Medical 
Research, showed that the accuracy of the Archibald method 
can be improved by more precisely locating the position of 
the meniscus on the ultracentrifuge photographic plate. 

He made a detailed study of the optical fine structure at the 
meniscus, and used a special optical aligning procedure with 
a mirror in the ultracentrifuge cell. 


At Stockholm’s Nobel Medical Institute, Ehrenberg reports a 
simplified approach-to-equilibrium method which makes 
measurements from the schlieren curve easier. He runs the 
ultracentrifuge fast enough for a peak to begin forming at the 
meniscus so that the schlieren curve is parallel with the 
baseline and no extrapolation is necessary. His measurements 
of molecular weight and diffusion constants agree closely 
with those by other methods. 


Van Holde and Baldwin at the University of Wisconsin have 
used short liquid columns to achieve complete sedimentation 
equilibrium in a fraction of the time previously required. Using 
liquid columns of only 3 mm, they report equilibrium with sucrose 
in 3% hours, and with a 1 mm column in only 30 minutes. In 
addition, the authors report that measurements during approach- 
to-equilibrium permit calculation of a diffusion coefficient. 


If you are not familiar with the Ultracentrifuge, we will be 
happy to send you copies of “An Introduction to Ultracentrifuge 
Techniques” and the latest issue of “Fractions”, a periodical 
sent to owners of Spinco ultracentrifuges, electrophoresis- 
diffusion instruments and amino acid analyzers. Write Spinco 
Division, Beckman Instruments, Inc., Stanford Industrial Park, 
Palo Alto 9°, California. 


Beckman: 
Spinco Division 
Beckman Instruments, Inc. 
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is one of our proudest assets! 


Every biochemical we offer must meet or exceed our rigid Quality Control standards. Every chemical is 
tested for adherence to specifications. Every NBCo biochemical is of the HIGHEST possible quality com- 
mercially available ... at the lowest possible price. In addition to our reputation for high quality at a 
low priee, we pride ourselves in offering the FASTEST service of any research biochemicals company: all 
orders shipped within 24 hours of receipt, and we can even provide emergency shipments within ONE hour! 
Why not find out for yourself why we have become the nation’s leading research biochemicals organization? 


Our catalog of more than 2,500 items includes: 






@ Over 300 Amino Acids @ Enzymes — Crystalline @ Carbohydrates 
@ Over 90 Peptides @ Enzymes — Purified @ Purified Proteins 
@ More than 200 Nucleoproteins, @ Growth Factors @ Fatty Acids 
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@ Vitamins @ Biological Test Materials @ Glandular Substances 
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ECG-EEG 
Preamplifier 

















Model 100 Viso-Cardiette 


FOR 
MULTI-CHANNEL 
RECORDING 
DIRECT WRITING 


150M series . . . from one-channel bench- 
top portables to multi-channel systems in 
mobile cabinets; interchangeable plug-in 
preamplifiers. 


350M series . . . 6 or 8 channels, improved 
design, frequency response to 120 cps, 
single cabinet housing, interchangeable 
plug-in preamplifiers. Optional plug-in 
monitoring unit (scope, electronic switch, 
vector timer). Model 60 Twin Viso... 
2 channel mobile system. 


Model 300 Visette 


350M Series 


FOR ELECTROCARDIOGRAPHY 


New Model 100 Viso...2 recording speeds, 3 sensi- 
tivities for extreme diagnostic accuracy. 

Model 300 Visette . . . 181b. portable ECG, “‘traveling’’ 
instrument. 

Model 55 EEG/ECG High Gain Preamplifier . . . de- 
signed for use with Sanborn ’cardiographs and multi- 
channel recorders for fetal ECG’s, EEG (monitoring), 


small muscle myograms. Fully transistorized, portable 
unit. 


550M Poly Beam 
















Model 62 Twin Beam 


PHOTOGRAPHIC 


550M Poly-Beam series ... 6 or 8 chan- 
nels with interchangeable plug-in pre- 
amplifiers, single cabinet housing, optional 
plug-in monitoring unit (same as 350M). 
Model 62 Twin Beam .. . 2-channel sys- 
tem for diagnostic phonocardiograms, 
ECG’S, etc. 
PRESSURE TRANSDUCERS for 
use with these systems include types for 
at differential or single-ended measurement 
of liquid or gas pressures; two sensitivities 
—1 cm/lmm Hg. or 1 cm/0.1lmm Hg.; 
optional adapters for use with earlier 





Model 60 
Twin Viso 


Sanborn systems. 
SANBORN 
diagnostic/reseacch INSTRUMENTATION 


Model 179 _—_ 
Electronic Switch J oss 










Model 
169A-OR 
Viso-Scope 
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Model 169A 
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Model 185 
Vector Timer 


FOR HEART SOUND ANALYSIS 
Model 278 High Fidelity Tape Recorder/Player .. . for 


accurate recording and playback of heart sounds. 


Model 256 Amplifying Stethoscope . . . high fidelity monitor- 
ing of cardiac sounds by groups of up to 13 listeners. 


Model 280 Rappaport-Sprague Acoustic Stethoscope . . . new, 
high efficiency stethoscope with five interchangeable chest 


pieces for various heart sounds. 


Sanborn Branch Offices and Service Agencies 
in principal cities throughout the U. S. 


For complete information or demonstration of SS 1 Ss AN B Oo RN 


Sanborn instruments, call your local Sanborn 
representative. 


Model 278 Tape Recorder/Player 


FOR VISUAL MONITORING 


Model 169A-OR Viso-Scope ... for ECG monitoring 
during surgery. Bright, sharp traces; UL approved for 
use in presence of explosive gases. 


Model 169A Viso-Scope ... portable ’scope primarily 
for use with the model 179 Electronic Switch, Model 185 
Vector Timer. 


Model 179 Electronic Switch . . . for viewing up to four 
traces simultaneously on the Model 169A Viso-Scope. 
Model 185 Vector Timer .. . for Vector loop presenta- 
tion on the 169A Viso-Scope. 


Model 569 Viso-Scope, 579 Electronic Switch and 
559 Vector Timer in a compact, plug-in form for use 
with 550M or 350M systems. 4 
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175 Wyman Street Waitham 54, Mass. 
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To formulate rules for automatic language translation is 
an enormously subtle and complex project. Yet significant 
progress is being made. During the past year of research 
at Ramo-Wooldridge over 60,000 words of Russian text 
have been translated and analyzed using an electronic 
computer. From the beginning several hundred syntactic 
and semantic rules have been used to remove ambiguities 
that are otherwise present in “word for word” translation. 
Our present computer program for automatic translation 
is a considerable improvement over earlier attempts. 


Apart from the question of translation itself, electronic 
computers are invaluable for language research. The 
expansion of existing knowledge of the rules of language, 
through statistical analysis, is made practical by mecha- 
nized procedures. A clear symbiosis between linguistics 
and computer technology has emerged. 


Automatic translation research is one of many R-W 
activities addressed to problems of communication of 
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AUTOMATI€ TRANSLATION 


Computing machines aid language research at Ramo-Wooldridge 





scientific information. These problems are increasing at 
an accelerating pace. In this area, as in others, scientists 
and engineers find at Ramo-Wooldridge challenging 
career opportunities in fields important to the advance of 
human knowledge. The areas of activity listed below are 
those in which R-W is now engaged and in which open- 
ings also exist: 


Missile electronics systems 

Advanced radio and wireline communications 
Information processing systems 

Anti-submarine warfare 

Air navigation and traffic control 

Analog and digital computers 

Infrared systems 

Electronic reconnaissance and countermeasures 
Basic and applied physical research 


For a copy of our brochure or other information, write to 
Mr. Donald L. Pyke. 


RAMO-WOOLDRIDGE 


® P. 0. BOX 90534, AIRPORT STATION + LOS ANGELES 45, CALIFORNIA 


a division of 
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OF A SERIES 


The quiet, solid feeling inside 
the 1959 Oldsmobile results from 
patient testing by a highly spe- 
cialized ‘‘jury’’— experts in the 
field of sound analysis. 


Unlike most other phases of auto- 
motive engineering, there are no 
instruments which measure the 
“annoyance” factor of sounds inside 
an automobile. Subjective, personal 
evaluation known as the “jury sys- 
tem” is the most important means of 
determining how quiet it is inside 
an Oldsmobile. 

With the “jury system’’, several ex- 
perienced engineers assemble in an 
acoustically treated room and listen 
to binaural tape recordings made 
inside a test car. Careful editing of 
the tape recording allows rapid side- 
by-side comparison between two 
different test conditions and elimi- 
nates reliance on memory since con- 
siderable time may elapse between 
actual tests. By pushing a button, 
each engineer casts a secret ‘‘vote” 
and then the tabulation of the results 
determines which test condition is 
superior. 

For the greatest possible accuracy, 
considerable care is taken making 
the recordings. Special microphones 
are placed at points corresponding 
to the passengers’ ears. The recording 
equipment is in a specially equipped 


vehicle which follows the test car 
ee: ” . 

over a “ride road”’ that is carefully 

constructed to excite the vibrations 

and sounds that occur under normal 

driving conditions. 


Quality, like quietness, is not acci- 
dental. It is the deliberate effort by 
Oldsmobile engineers to design quality 


THE SOUND... 
AND THE JURY 





into every automobile they produce. 
You'll like the 1959 Oldsmobile — 
with its solid Body by Fisher— 
it’s the quietest car built! Experience 
this qualit for yourself by visiting 
your tonal: Authorized Oldsmobile 
Quality Dealer as soon as possible. 


OLDSMOBILE DIVISION 
GENERAL MOTORS CORPORATION 


OLDSNMOBILE >— Where Quality is Standard Equipment! 
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Modern ... Versatile... 
... Economical! 


INTERNATIONAL’S 
ALL-NEW MODEL UV 
UNIVERSAL CENTRIFUGE 


This latest contribution to centrifuging 
progress combines in one moderately 
priced unit all the features most wanted 
by medical and industrial laboratories. 


STREAMLINED DESIGN! Cabinetized construction 
adds new eye appeal to traditional International 
“work horse’”’ ruggedness. Unitized control panel 
simplifies operation. Convenient storage space keeps 
accessories handy. 


WIDE-RANGE VERSATILITY! Swings more than 80 
different accessory combinations... at speeds up to 
5400 RPM. For example: 4 one-liter bottles, 150 serum 
tubes, 6-250 ml bottles, 16-50 ml tubes. 


MOST-WANTED FEATURES! Stainless steel 
guard bowl makes cleaning easy. Electric 
tachometer, timer and brake assure accuracy... 
improve performance. Powerful series-wound 
motor is International-made for extra reliability. 


GET ALL THE FACTS about this modern, 
versatile, economical centrifuge... the one 

model you can standardize on for general-purpose 
laboratory work. 


INTERNATIONAL (ED) 
E 
1219 SOLDIERS FIELD ROAD QUIPMENT Co. 


Please rush complete data on Internatio. 
and accessories, Sold and serviced the 


Name... ‘ 


th 35, MASSACHUSETTS 

= a Pate me od Universal Centrifuge 
orized International dealer. 
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Institution... don 


Street & No. 











TO MEET EVERY 
LABORATORY NEED 


a: Airflow Supreme Fume Hoods 
& Auxiliary-Air Airflow Fume Hoods 
W. Airflow Thinwall Fume Hoods 


iva Improved Conventional Fume 
Hoods 


w/. Specific Purpose Fume Hoods 


a Duct Location and Roughing-In 
Details 


/ CFM Recommendations and 
Blower Data 


All completely 


described in... 


NEW 48 PAGE 


CATALOG MANUAL 


Write for Free Copy of 
Section 2, Catalog Today! 


KEWAUNEE 


5013S. Center St., Adrian, Michigan 
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Letters 


Peking Man 


In the “News of science” section of 
Science [129, 825 (1959)] you ask, 
“Where is Peking Man?” and speculate 
on some of the possible answers to this 
question. As a former member of the 
American Embassy guard at Peking, 
China, at the outbreak of World War 
II, I would like to rule out the theory 
that the Peking Man may be at the bot- 
tom of the Yangtze River. 

The S.S. Harrison had just taken the 
4th Marines from Shanghai to the 
Philippine Islands and was returning to 
China for those of us who were still in 
North China. The war caught the ship 
just off the coast of China near Shang- 
hai, and the captain ran it aground. This 
was hundreds of miles from Chinwang- 
tao, and thus the Peking Man never went 
aboard the Harrison. 

I recall seeing some cases in Peking 
marked for Johns Hopkins University 
and believe these contained the collec- 
tion. If so, I am fairly certain they ar- 
rived safely in Chinwangtao. 

Since we were preparing to leave 
China on Thursday, 11 Dec. 1941, we 
had packed up all our guns, ammuni- 
tion, and other equipment and had sent 
it to Chinwangtao. Because of the facili- 
ties in that small Marine outpost, it is 
quite likely that the Peking Man was 
stored with our things. 

When the war broke out, the approxi- 
mately 35 men stationed in Chinwangtao 
were moved to Tientsin, and we were 
moved from Peking to Tientsin. 

It may be that the Peking Man was 
discarded as unimportant in the looting 
of our supplies—that it was thrown out 
with the usual debris of such lootings. 
If this was the case, there is a good 
chance that the collection is still in the 
vicinity of the camp at Chinwangtao or 
that it fell into the hands of the Chinese 
and was used for medicine, as was the 
practice. 

The nature of the packing, however, 
would indicate to the looters that the 
contents were of some value, and, for 
this reason, I doubt very much if the 
collection was thrown out. 

Since the Japanese at the time had a 
great need for military supplies and since 
our equipment was all packed and ready 
to go, it may be that the Peking Man 
was shipped out with our equipment to 
some point within the Japanese war 
theater. If this is the case, the collection 
could still be in existence in any one of 
a number of places, from the Aleutians 
to Borneo. 

It seems that a check with Japanese 
Army records, to locate the soldiers who 
were stationed at Chinwangtao, would 
be a logical step in trying to locate the 


collection. Perhaps the men who were 
there could tell what happened to it. 
One thing is certain: the Peking Man 
was not on the S.S. Harrison. 
GeraLp L, BEEMAN 
Cleveland Museum of Natural History, 
Cleveland, Ohio 


Nuclear Research 


There are several errors in the edi- 
torial entitled “Capital gain” [Science 
129, 1583 (1959)]. The most important 
one, and the only one I will point out 
here, is the position stated in the edi- 
torial that, due to “special security re- 
quirements,” the Department of De- 
fense should have no more than (and by 
implication, less than) a modest share 
in nuclear research. As the decision to 
place the Stanford accelerator under the 
AEC is applauded on this basis, it is 
further implied that the AEC has no 
similar “special security requirements.” 

I challenge the writer of the editorial 
to visit the following accelerator facili- 
ties operating under Navy contract: the 
Mark III at Stanford, the 450-Mev 
proton synchrocyclotron at Chicago, the 
400-Mev proton synchrocyclotron at Co- 
lumbia, the 1.5-Bev electron synchro- 
tron at Cornell—or any nuclear physics 
facility operating under Office of Naval 
Research contract. I would then like to 
have him visit Argonne, Brookhaven, the 
Radiation Laboratory, and other AEC 
accelerator facilities and make an hon- 
est report comparing the “special secu- 
rity requirements” of the Department 
of Defense and the AEC. (He might 
also be interested in finding out why 
Fermi chose Navy support for the Chi- 
cago accelerator instead of AEC sup- 
port. ) 

If he is concerned with the “special 
security requirements” of the Depart- 
ment of Defense as a whole, then he 
should be equally concerned with the 
“special security requirements” of the 
AEC as a whole. He should also be 
lamenting the assignment of the Stan- 
ford project to the AEC, instead of the 
National Science Foundation, for exam- 
ple, due to the AEC’s “special security 
requirements” and, more important yet, 
due to the strengthening of the AEC 
monopoly on high-energy accelerator 
physics. This assignment is in direct op- 
position to the report’s strong recom- 
mendation of diversity of support—there 
must have been reason for such a rec- 
ommendation. 

It might also interest the writer of 
the editorial to find out who kept the 
Stanford proposal alive and provided 
the major drive to see that it was finally 
approved. : 

ABert G, Opitz 
Alexandria, Virginia 
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A Bell Telephone Laboratories 
experiment in noise appraisal 


“The native Hollander wears wooden shoes.” 
“Nebraska has no seacoast.” 
“The daisy is a common wildflower.” 


As these syllables, words and sentences come in over 
the telephones, stand-ins for millions of Bell System sub- 
scribers rate them for clarity of reception. 


From these tests, Bell Telephone Laboratories engineers 
determine what is objectionable noise, and work to mini- 
mize it in telephone circuits. They begin by tape record- 
ing background noise associated with working telephone 
circuits. Test statements of appropriate length and con- 
tent (such as those above) are read onto a second tape, 
and both are fed onto the test circuit under carefully con- 
trolled conditions. A third tape, of normal room noise, 
is played through a loudspeaker in the test lab. 





R WEARS WOODEN SHOES. ” 





Several hundred listeners, meeting in small groups 
several times a day for weeks at a time, are then asked to 
rate the effect of noise on transmission of the various 
simulated telephone calls. 


For the Bell System, the results of the study will be- 
come part of the over-all transmission objectives. At Bell 
Laboratories, they will influence apparatus and systems 
development work. 


Noise is a major distraction of modern day living. It 
is also an enemy of the Bell System. In a telephone re- 
ceiver during a call, it might be power line hum, switching 
or thermal noise, or perhaps atmospheric static. Bell 
Laboratories spends a great deal of time, effort and money 
to keep this extraneous noise from becoming annoying 
and to assure you of a trouble-free connection. 
ee 
yy BELL TELEPHONE LABORATORIES 


is 





World center of communications research and development 








“The main business of natural philosophy is to 
argue from phenomena without feigning hypoth- 
eses, and to deduce causes from effects, till we 
come to the very first cause, which certainly is not 
mechanical; and not only to unfold the mechanism 


of the world, but chiefly to resolve these and such 


. 


LEE RAND CORPORATION, 


Sir Isaac Newton...on the first cause 








like questions: What is there in places almost 
empty of matter, and whence is it that the sun and 
planets gravitate towards one another, without 
dense matter between them? Whence is it that 
nature doth nothing in vain; and whence arises all 
that order and beauty which we see in the world?” 

— Opticks, 1704 


SANTA MONICA, CALIFORNIA 


A nonprofit organizalion engaged in research on problems related to national security and the public interest 
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aren DOULENCE 


Two Cultures 


We are living in the middle of two cultures which have scarcely any 
contact at all—the traditional non-scientific culture and an up-and-coming 
scientific one. They are startlingly different, but only in their intellectual 
approach, but even more so in their climate of thought and their moral 
attitudes. This divide exists not only in the U.S. and Great Britain but all 
over the Western world. I happen to have been forced to notice it because, 
through a set of chances, I have spent a good deal of my working life 
sitting with scientists in the afternoon, as it were, and talking to writers at 
night. Just how this happened doesn’t matter except to me; but perhaps I 
might mention that, though I knew my vocation as a novelist before I was 
twenty, I was trained as a scientist and did some research at Cambridge. 
... After that I got involved in science-and-government, and through these 
various chances I could not very well avoid seeing more than most people 
of the two sides of the cultural divide. And I have become increasingly 
worried by what I have seen. . . . 

What can we do about it? There is only one answer, and it is a prosaic 
one: sensible education. Nearly all intelligent people can learn something 
about science and scientists if they are brought up against them properly. 
It is very stupid to attempt to make everybody into technologists; but it is 
essential that everybody, including the technologists themselves, should 
understand something of the intellectual and human meaning of what the 
technologists are about. I don’t think that that task is beyond us, though it 
will need a drastic rethinking about education, both in the U.S. and Great 
Britain. , 

There is just one basic difficulty. All children have a dash of the scientist 
in them. Watch any bright child if you tell him about the stars or atoms 
or dinosaurs. He will want to find out some more. The urge to investigate, 
which is the scientific urge, isn’t anything very special or academic. It is 
one of the most human things about us. In that sense, as I said, all children 
are scientists. But all children are not mathematicians, and that is the 
core of the difficulty. I don’t know how many people are mathematically 
blind to the extent that some of us are tone deaf, but I suspect a larger 
proportion than the educational psychologists usually allow. Thinking of 
twenty acquaintances, who have all done pretty well in various sorts of 
intellectual life, I should say that at least five were, if not mathematically 
blind, at least grossly deficient in mathematical sense. That means that 
though, sensibly educated, they could have got a good working idea of how 
physical science goes about its business, they would never have reached 
the fundamental concepts. I suggest we have got to accept the fact that, 
for a lot of people of high intelligence and imagination, this is as near as 
they are going to come to the real stuff. It is much better than nothing, 
but there are limits, and it is just as well to be clear-sighted about them in 
advance. 

Don’t we know enough now of the way different kinds of intelligence 
work? Oughtn’t we to be able to construct an education from which anyone 
of ability can get enough not to feel that the scientific experience is alien to 
him forever?—C. P. Snow. [From the prefatory note to The Search by 
C. P. Snow, copyright 1934, 1958, by Charles Percy Snow. Reprinted with 
the permission of Charles Scribner’s Sons.] 
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Affectional Responses 


in the Infant Monkey 


Orphaned baby monkeys develop a strong and persistent 
attachment to inanimate surrogate mothers. 


Harry F. Harlow and Robert R. Zimmermann 


Investigators from diverse behavioral 
fields have long recognized the strong 
attachment of the neonatal and infantile 
animal to its mother. Although this af- 
fectional: behavior has been commonly 
observed, there is, outside the field of 
ethology, scant experimental evidence 
permitting identification of the factors 
critical to the formation of this bond. 
Lorenz (1) and others have stressed the 
importance of innate visual and auditory 
mechanisms which, through the process 
of imprinting, give rise to persisting fol- 
lowing responses in the infant bird and 
fish. Imprinting behavior has been dem- 
onstrated successfully in a variety of 
avian species under controlled labora- 
tory conditions, and this phenomenon 
has been investigated systematically in 
order to identify those variables which 
contribute to its development and main- 
tenance [see, for example, Hinde, 
Thorpe, and Vince (2), Fabricius (3), 
Hess (4), Jaynes (5), and Moltz and 
Rosenblum (6) ]. These studies represent 
the largest body of existent experimen- 
tal evidence measuring the tie between 
infant and mother. At the mammalian 
level there is little or no systematic ex- 
perimental evidence of this nature. 

Observations on monkeys by Carpen- 
ter (7), Nolte (8), and Zuckermann 
(9) and on chimpanzees by Kohler (10) 
and by Yerkes and Tomilin. (JJ) show 
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that monkey and chimpanzee infants de- 
velop strong ties to their mothers and 
that these affectional attachments may 
persist for years. It is, of course, com- 
mon knowledge that human _ infants 
form strong and persistent ties to their 
mothers. 

Although students from diverse scien- 
tific fields recognize this abiding attach- 
ment, there is considerable disagreement 
about the nature of its development and 
its fundamental underlying mechanisms. 
A common theory among psychologists, 
sociologists, and anthropologists is that 
of learning based on drive reduction. 
This theory proposes that the infant’s 
attachment to the mother results from 
the association of the mother’s face and 
form with the alleviation of certain pri- 
mary drive states, particularly hunger 
and thirst. Thus, through learning, af- 
fection becomes a self-supporting, de- 
rived drive (/2). Psychoanalysts, on the 
other hand, have stressed the importance 
of various innate needs, such as a need 
to suck and orally possess the breast 
(2), or needs relating to contact, move- 
ment, temperature (13), and clinging 
to thé mother (14). 

The paucity of experimental evidence 
concerning the development of affec- 
tional responses has led these theorists 
to derive their basic hypotheses from 
deductions and intuitions based on ob- 
servation and analysis of adult verbal 
reports. As a result, the available obser- 
vational evidence is often forced into a 
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preconceived theoretical framework. An 
exception to the above generalization is 
seen in the recent attempt by Bowlby 
(14) to analyze and integrate the avail- 
able observational and experimental evi- 
dence derived from both human and 
subhuman infants. Bowlby has concluded 
that a theory of component instinctual 
responses, species specific, can best ac- 
count for the infant’s tie to the mother. 
He suggests that the species-specific re- 
sponses for human beings (some of these 
responses are not strictly limited to hu- 
man beings) include contact, clinging, 
sucking, crying, smiling, and following. 
He further emphasizes that these re- 
sponses are manifested independently of 
primary drive reduction in human and 
subhuman infants. 

The absence of experimental data 
which would allow a critical evaluation 
of any theory of affectional development 
can be attributed to several causes. The 
use of human infants as subjects has seri- 
ous limitations, since it is not feasible to 
employ all the experimental controls 
which would permit a completely ade- 
quate analysis of the proposed variables. 
In addition, the limited response reper- 
toire of the human neonate severely re- 
stricts the number of discrete or precise 
response categories that can be meas- 
ured until a considerable age has been 
attained. Thus, critical variables go un- 
measured and become lost or confounded 
among the complex physiological, psy- 
chological, and cultural factors which 
influence the developing human infant. 

Moreover, the use of common labora- 
tory animals also has serious limitations, 
for most of these animals have behav- 
ioral repertoires very different from 
those of the human being, and in many 
species these systems mature so rapidly 
that it is difficult to measure and assess 
their orderly development. On the other 
hand, subhuman primates, including 
the macaque monkey, are born at a state 
of maturity which makes it possible to 
begin precise measurements within the 
first few days of life. Furthermore, their 
postnatal maturational rate is slow 
enough to permit precise assessment of 
affectional variables and development. 

Over a 3-year period prior to the be- 
ginning of the research program reported 
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Fig. 1. Wire and cloth mother surrogates. 


here (15), some 60 infant macaque 
separated from their 
mothers 6 to 12 hours after birth and 
raised at the primate laboratory of the 
University of Wisconsin. The success of 
the procedures developed to care for 
these neonates was demonstrated by the 
low mortality and by a gain in weight 
which was approximately 25 percent 
greater than that of infants raised by 
their own mothers. All credit for the 
success of this program belongs to van 
Wagenen (/6), who had described the 
essential procedures in detail. 

These first 3 years were spent in de- 
vising measures to assess the multiple 


monkeys were 


capabilities of the neonatal and infantile 
monkey. The studies which resulted have 
revealed that the development of per- 
ception, learning, manipulation, explo- 
ration, frustration, and timidity in the 
macaque monkey follows a course and 
sequence which is very similar to that in 
the human infant. The basic differences 
between the two species appear to be 
the advanced postnatal maturational sta- 
tus and the subsequent mere rapid 
growth of the infant macaque. Probably 
the most important similarities between 
the two, in relation to the problem of 
affectional development, are character- 
istic responses that have been associated 











with, and are considered basic to, affec- 
tion; these include nursing, clinging, 
and visual and auditory exploration. 

In the course of raising these infants 
we observed that they all showed a 
strong attachment to the cheesecloth 
blankets which were used to cover the 
wire floors of their cages. Removal of 
these cloth blankets resulted in violent 
emotional behavior. These responses 
were not short-lived; indeed, the emo- 
tional disturbance lasted several days, as 
was indicated by the infant’s refusal to 
work on the standard learning tests that 
were being conducted at the time. Simi- 
lar observations had already been made 
by Foley (17) and by van Wagenen 
(16), who stressed the importance of 
adequate contact responses to the very 
survival of the neonatal macaque. Such 
observations suggested to us that con- 
tact was a true affectional variable and 
that it should be possible to trace and 
measure the development and impor- 
tance of these responses. Indeed there 
seemed to be every reason to believe that 
one could manipulate all variables which 
have been considered critical to the de- 
velopment of the infant’s attachment to 
a mother, or mother surrogate. 

To attain control over maternal vari- 
ables, we took the calculated risk of con- 
structing and using inanimate mother 
surrogates rather than real mothers. The 
cloth mother that we used was a cylin- 
der of wood covered with a sheath of 
terry cloth (J8), and the wire mother 
was a hardware-cloth cylinder. Initially, 
sponge rubber was placed underneath 
the terry cloth sheath of the cloth 
mother surrogate, and a light bulb be- 
hind each mother surrogate provided 
radiant heat. For reasons of sanitation 
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and safety these two factors were elimi- 
nated in construction of the standard 
mothers, with no observable effect on 
the behavior of the infants. The two 
mothers were attached at a 45-degree 
angle to aluminum bases and were given 
different faces to assure uniqueness in 
the various test situations (Fig. 1). Bot- 
tle holders were installed in the upper 
middle part of the bodies to permit nurs- 
ing. The mother was designed on the 
basis of previous experience with infant 
monkeys, which suggested that nursing 
in an upright or inclined position with 
something for the infant to clasp facili- 
tated successful nursing and resulted in 
healthier infants (see 16). Thus, both 
mothers provided the basic known re- 
quirements for adequate nursing, but 
the cloth mother provided an additional 
variable of contact comfort. That both 
of these surrogate mothers provided ade- 
quate nursing support is shown by the 
fact that the total ingestion of formula 
and the weight gain was normal for all 


infants fed on the surrogate mothers. The , 


only consistent difference between the 
groups lay in the softer stools of the in- 
fants fed on the wire mother. 


Development of Affectional Responses 


The initial experiments on the devel- 
opment of. affectional responses have 
already been reported (19) but will be 
briefly reviewed here, since subsequent 
experiments were derived from them. In 
the initial experiments, designed to 
evaluate the role of nursing on the de- 
velopment of affection, a cloth mother 
and a wire mother were placed in dif- 
ferent cubicles attached to the infant’s 
living cage. Eight newborn monkeys 
were placed in individual cages with the 
surrogates; for four infant monkeys the 
cloth mother lactated and the wire 
mother did not, and for the other four 
this condition was reversed. 

The infants lived with their mother 
surrogates for a minimum of 165 days, 
and during this time they were tested 
in a variety of situations designed to 
measure the development of affectional 
responsiveness. Differential affectional 
responsiveness was initially measured in 
terms of mean hours per day spent on 
the cloth and on the wire mothers under 
two conditions of feeding, as shown in 
Fig. 2. Infants fed on the cloth mother 
and on the wire mother have highly 
similar scores after a short adaptation 
period (Fig. 3), and over a 165-day 
period both groups show a distinct pref- 
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Fig. 4. Typical fear stimulus. 


erence for the cloth mother. The per- 
sistence of the differential responsive- 
ness to the mothers for both groups of 
infants is evident, and the over-all dif- 
ferences between the groups fall short of 
statistical significance. 

These data make it obvious that con- 
tact comfort is a variable of critical im- 
portance in the development of affec- 
tional responsiveness to the surrogate 
mother, and that nursing appears to play 
a negligible role. With increasing age 
and opportunity to learn, an infant fed 
from a lactating wire mother does not 
become more responsive to her, as would 
be predicted from a derived-drive the- 
ory, but instead becomes increasingly 
more responsive to its nonlactating cloth 
mother. These findings are at complete 
variance with a drive-reduction theory 
of affectional development. 

The amount of time spent on the 
mother does not necessarily indicate an 
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Fig. 5. Differential responsiveness in fear 
tests. 


affectional attachment. It could merely 
reflect the fact that the cloth mother is 
a more comfortable sleeping platform 
or a more adequate source of warmth 
for the infant. However, three of the 
four infants nursed by the cloth mother 
and one of the four nursed by the wire 
mother left a gauze-covered heating pad 
that was on the floor of their cages dur- 
ing the first 14 days of life to spend up 
to 18 hours a day on the cloth mother. 
This suggests that differential heating 
or warmth is not a critical variable 
within the controlled temperature range 
of the laboratory. 

Other tests demonstrate that the cloth 
mother is more than a convenient nest}; 
indeed, they show that a bond develops 
between infant and cloth-mother surro- 
gate that is almost unbelievably similar 
to the bond established betweén human 
mother and child. One highly definitive 
test measured the selective maternal re- 
sponsiveness of the monkey infants under 
conditions of distress or fear. 

Various fear-producing stimuli, such 
as the moving toy bear illustrated in Fig. 
4, were presented to the infants in their 
home cages. The data on differential 
responses under both feeding conditions 
are given in Fig. 5. It is apparent that 
the cloth mother was highly preferred to 
the wire mother, and it is a fact that 
these differences were unrelated to feed- 
ing conditions—that is, nursing on the 
cloth or on the wire mother. Above and 
beyond these objective data are obser- 
vations on the form of the infants’ re- 
sponses in this situation. In spite of their 
abject terror, the infant monkeys, after 
reaching the cloth mother and rubbing 
their bodies about hers, rapidly come to 
lose their fear of the frightening stimuli. 
Indeed, within a minute or two most of 
the babies were visually exploring the 
very thing which so shortly before had 
seemed an object of evil. The bravest of 
the babies would actually leave the 
mother and approach the fearful mon- 
sters, under, of course, the protective 
gaze of their mothers. 

These data are highly similar, in 
terms of differential responsiveness, to 
the time scores previously mentioned and 
indicate the overwhelming importance 
of contact comfort. The results are so 
striking as to suggest that the primary 
function of nursing may be that of in- 
suring frequent and intimate contact 
between mother and infant, thus facili- 
tating the localization of the source of 
contact comfort. This interpretation 
finds some support in the test discussed 
above. In both situations the infants 
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nursed. by. the. cloth: mother developed 
consistent responsiveness to the soft 
mother earlier in testing than did the 
infants nursed by the wire mother, and 
during this transient period the latter 
group was slightly more responsive to the 
wire mother than the former group. 
However, these early differences shortly 
disappeared. 

Additional data have been obtained 
from two groups of four monkeys each 
which were raised with a single mother 
placed in a cubicle attached to the liv- 
ing-cage. Four of the infants were pre- 
sented with a lactating wire mother and 
the other four were presented with a 
nonlactating cloth mother. The latter 
group was hand-fed from small nursing 
bottles for the first 30 days of life and 
then weaned to a cup. The develop- 
ment of responsiveness to the mothers 
was studied for 165 days; after this the 
individual mothers were removed from 
the cages and testing was continued to 
determine the strength and _ persistence 
of the affectional responses. 

Figure 6 presents the mean time per 
day spent on the respective mothers over 
the 165-day test period, and Fig. 7 shows 
the percentage of responses to the moth- 
ers when a fear-producing stimulus was 
introduced into the home cage. These 
tests indicate that both groups of infants 
developed responsiveness to their mother 
surrogates. However, these measures did 
not reveal the differences in behavior 
that were displayed in the reactions to 
the mothers when the fear stimuli were 
presented. The infants raised on the 
cloth mother would rush to the mother 
and cling tightly to her. Following this 
initial response these infants would re- 
lax and either begin to manipulate the 
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mother or turn to gaze at the feared 
object without the slightest sign of ap- 
prehension. The infants raised on the 
wire mother, on the other hand, rushed 
away from the feared object toward 
their mother but did not cling to or em- 
brace her. Instead, they would either 
clutch themselves and rock and vocalize 
for the remainder of the test or rub 
against the side of the cubicle. Contact 
with the cubicle or the mother did not 
reduce the emotionality produced by the 
introduction of the fear stimulus. These 
differences are revealed in emotionality 
scores, for behavior such as vocalization, 
crouching, rocking, and sucking, re- 
corded during the test. Figure 8 shows 
the mean emotionality index for test 
sessions for the two experimental groups, 
the dual-mother groups, and a compar- 
able control group raised under standard 
laboratory conditions. As can be seen, 
the infants raised with the single wire 
mother have the highest emotionality 
scores of all the groups, and the infants 
raised with the single cloth mother or 
with a cloth and wire mother have the 
lowest scores. It appears that the re- 
sponses made by infants raised only with 
a wire mother were more in the nature 
of simple flight responses to the fear 
stimulus and that the presence of the 
mother surrogate had little effect in 
alleviating the fear. 

During our initial experiments with 
the dual-mother conditions, responsive- 
ness to the lactating wire mother in the 
fear tests decreased with age and oppor- 
tunity to learn, while responsiveness to 
the nonlactating cloth mother increased, 
However, there was some indication of 
a slight increase in frequency of response 
to the wire mother for the first 30 to 60 





days (see Fig. 5). ‘These data suggest 
the possible hypothesis that nursing fa- 
cilitated the contact of infant and 
mother during the early developmental 
periods. 

The interpretation of all fear testing 
is complicated by the fact that all or 
most “fear” stimuli evoke many positive 
exploratory responses early in life and 
do not consistently evoke flight responses 
until the monkey is 40 to 50 days of age. 
Similar delayed maturation of visually 
induced fear responses has been reported 
for birds (3), chimpanzees (20), and 
human ‘infants (2/). 

Because of apparent interactions be- 
tween fearful and affectional develop- 
mental variables, a test was designed to 
trace the development of approach and 
avoidance responses in these infants. 
This test, described as the straight-alley 
test, was conducted in a wooden alley 8 
feet long and 2 feet wide. One end of 
the alley contained a movable tray 
upon which appropriate stimuli were 
placed. The other end of the alley con- 
tained a box for hiding. Each test began 
with the monkey in a start box 1 foot in 
front of the hiding box; thus, the animal 
could maintain his original position, ap- 
proach the stimulus tray as it moved 
toward him, or flee into the hiding box. 
The infants were presented with five 
stimuli in the course of five successive 
days. The stimuli included a standard 
cloth mother, a standard wire mother, 
a yellow cloth mother with the head re- 
moved, a blank tray, and a large black 
fear stimulus, shown in Fig. 9. The in- 
fants were tested at 5, 10, and 20 days 
of age, respectively, and then at 20-day 
intervals up to 160 days. Figure 10 shows 
the mean number of 15-second time 
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Fig. 6 (left). Time spent on single mother surrogates. Fig. 
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7 (right). Responsiveness to single surrogate mothers in fear tests. 
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periods spent in contact with the appro- 
priate mother during the 90-second tests 
for the two single-mother groups, and 
the responses to the cloth mother by four 
infants from the dual-mother group. 


During the first 80 days of testing, all 


the groups showed an increase in re- 
sponse to the respective mother surro- 
gates. The infants fed on the single wire 
mother, however, reached peak respon- 
siveness at this age and then showed a 
consistent decline, followed by an actual 
avoidance of the wire mother. During 
test sessions 140 to 160, only one contact 
was made with the wire mother, and 
three of the four infants ran into the 
hiding box almost immediately and re- 
mained there for the entire test session. 
On the other hand, all of the infants 
raised with a cloth mother, whether or 
not they were nursed by her, showed a 
progressive increase in time spent in con- 
tact with their cloth mothers until ap- 
proaches and contacts during the test 
sessions approached maximum scores. 

The development of the response of 
flight from the wire mother by the group 
fed on the single wire mother is, of 
course, completely contrary to a derived- 
drive theory of affectional development. 
A comparison of this group with the 
group raised with a cloth mother gives 
some support to the hypothesis that feed- 
ing or nursing facilitates the early devel- 
opment of responses to the mother but 
that without the factor of contact com- 
fort, these positive responses are not 
maintained. 

The differential responsiveness to the 
cloth mother of infants raised with 
both mothers, the reduced emotionality 
of both the groups raised with cloth 
mothers in the home-cage fear tests, 
and the development of approach re- 
sponses in the straight-alley test indi- 
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cate that the cloth mother provides 
a haven of safety and security for the 
frightened infant. The affectional re- 
sponse patterns found in the infant mon- 
key are unlike tropistic or even complex 
reflex responses; they resemble instead 
the diverse and pervasive patterns of re- 
sponse to his mother exhibited by the 
human child in the complexity of situa- 
tions involving child-mother relation- 
ships. 

The role of the mother as a source of 
safety and security has been demon- 
strated experimentally for human infants 
by Arsenian (22). She placed children 
11 to 30 months of age in a strange room 
containing toys and other play objects. 
Half of the children were accompanied 
into the room by a mother or a substi- 
tute mother (a familiar nursery attend- 
ant), while the other half entered the 
situation alone. The children in the first 
group (mother present) were much less 
emotional and participated much more 
fully in the play activity than those 
in the second group (mother absent). 
With repeated testing, the security score, 
a composite score of emotionality and 
play behavior, improved for the chil- 
dren who entered alone, but it still fell 
far below that for the children who were 
accompanied by their mothers. In sub- 
sequent tests, the children from the 
mother-present group were placed in the 
test room alone, and there was a drastic 
drop in the security scores. Contrariwise, 
the introduction of the mother raised 
the security scores of children in the 
other group. 

We have performed a similar series of 
open-field experiments, comparing mon- 
keys raised on mother surrogates with 
control monkeys raised in a wire cage 
containing a cheesecloth blanket from 
days 1 to 14 and no cloth blanket sub- 
sequently. The infants were introduced 
into the strange environment of the open 
field, which was a room measuring 6 by 
6 by 6 feet, containing multiple stimuli 
known to elicit curiosity-manipulatory 
responses in baby monkeys. The infants 
raised with single mother surrogates were 
placed in this situation twice a week for 
8 weeks, no mother surrogate being pres- 
ent during one of the weekly sessions 
and the appropriate mother surrogate 
(the kind which the experimental infant 
had always known) being present dur- 
ing the other sessions. Four infants raised 
with dual mother surrogates and four 
control infants were subjected to similar 
experimental sequences, the cloth mother 
being present on half of the occasions. 
The remaining four “dual-mother” in- 





Fig. 9. Response to the fear stimulus in 
the straight-alley test. 


fants were given repetitive tests to ob- 
tain information on the development of 
responsiveness to each of the dual moth- 
ers in this situation. A cloth blanket was 
always available as one of the stimuli 
throughout the sessions. It should be em- 
phasized that the blanket could readily 
compete with the cloth mother as a con- 
tact stimulus, for it was standard labora- 
tory procedure to wrap the infants in 
soft cloth whenever they were removed 
from their cages for testing, weighing, 
and other required laboratory activities. 

As soon as they were placed in the 
test room, the infants raised with cloth 
mothers rushed to their mother surro- 
gate when she was present and clutched 
her tenaciously, a response so strong that 
it can only be adequately depicted by 
motion pictures. Then, as had been ob- 
served in the fear tests in the home cage, 
they rapidly relaxed, showed no sign of 
apprehension, and began to demonstrate 
unequivocal positive responses of ma- 
nipulating and climbing on the mother. 
After several sessions, the infants began 
to use the mother surrogate as a base of 
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Fig. 10. Responsiveness to mother surro- 
gates in the straight-alley tests. 
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Fig. 11. Subsequent response to cloth mother and stimulus in the open-field test. 


operations, leaving her to explore and 
handle a stimulus and then returning to 
her before going to a new plaything. 
Some of the infants even brought the 
stimuli to the mother, as shown in Fig. 
11. The behavior of these infants 
changed radically in the absence of the 
mother. Emotional indices such as vo- 
calization, crouching, rocking, and suck- 
ing increased sharply. Typical response 
patterns were either freezing in a 





crouched position, as illustrated in Fig. 
12, or running around the room on the 
hind feet, clutching themselves with 
their arms. Though no quantitative evi- 
dence is available, contact and manipu- 
lation of objects was frantic and of 
short duration, as opposed to the playful 
type of manipulation observed when the 
mother was present, 

In the presence of the mother, the 
behavior of the infants raised with sin- 





Fig. 12. Response in the open-field test in the absence of the mother surrogate. 


426 





gle wire mothers was both quantitatively 
and qualitatively different from that of 
the infants raised with cloth mothers. 
Not only did these infants spend little 
or no time contacting their mother sur- 
rogates but the presence of the mother 
did not reduce their emotionality. These 
differences are evident in the mean num- 
ber of time periods spent in contact with 
the respective mothers, as shown in Fig. 
13, and the composite emotional index 
for the two stimulus conditions depicted 
in Fig. 14. Although the infants raised 
with dual mothers spent considerably 
more time in contact with the cloth 
mother than did the infants raised with 
single cloth mothers, their emotional re- 
actions to the presence and absence of 
the mother were highly similar, the com- 
posite emotional index being reduced 
by almost half when the mother was in 
the test situation. The infants raised with 
wire mothers were highly emotional 
under both conditions and actually 
showed a slight, though nonsignificant, 
increase in emotionality when the mother 
was present. Although some of the in- 
fants reared by a wire mother did con- 
tact her, their behavior was similar to 
that observed in the home-cage fear 
tests. They did not clutch and cling to 
their mother as did the infants with 
cloth mothers; instead, they sat on her 
lap and clutched themselves, or held 
their heads and bodies in their arms and 
engaged in convulsive jerking and rock- 
ing movements similar to the autistic be- 
havior of deprived and institutionalized 
human children. The lack of exploratory 
and manipulatory behavior on the part 
of the infants reared with wire mothers, 
both in the presence and absence of the 
wire mother, was similar to that observed 
in the mother-absent condition for the 
infants raised with the cloth mothers, 
and such contact with objects as was 
made was of short duration and of an 
erratic and frantic nature. None of the 
infants raised with’ single wire mothers 
displayed the persistent and aggressive 
play behavior that was typical of many 
of the infants that were raised with cloth 
mothers. 

The four control infants, raised with- 
out a mother surrogate, had approxi- 
mately the same emotionality scores 
when the mother was absent that the 
other infants. had in the same condition, 
but the control subjects’ emotionality 
scores were significantly higher in the 
presence of the mother surrogate than in 
her absence. This result is not surpris- 
ing, since recent evidence indicates that 
the cloth mother with the highly orna- 
mental face is an effective fear stimulus 
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dimly lighted box would open and re- 
open a door for hours on end with no 
other motivation than that of looking 
outside the box. He also demonstrated 
that rhesus monkeys showed selectivity 
in rate and frequency of door-opening 
in response to stimuli of different de- 
grees of attractiveness (24). We have 
utilized this characteristic of response 
selectivity on the part of the monkey to 
measure the strength of affectional re- 
sponsiveness of the babies raised with 
mother surrogates in an infant version 
of the Butler box. The test sequence in- 
volves four repetitions of a test battery 
in which the four stimuli of cloth 
mother, wire mother, infant monkey, 
and empty box are presented for a 30- 
minute period on successive days. The 
first four subjects raised wth the dual 
mother surrogates and the eight infants 
raised with single mother surrogates 
were given a test sequence at 40 to 50 
days of age, depending upon the avail- 
ability of the apparatus. The data ob- 
tained from the three experimental 
groups and a comparable control group 
are presented in Fig. 17. Both groups of 
infants raised with cloth mothers showed 
approximately equal responsiveness to 
the cloth mother and to another infant 
monkey, and no greater responsiveness 
to the wire mother than to an empty 
box. Again, the results are independent 
of the kind of mother that lactated, 
cloth or wire. The infants raised with 
only a wire mother and those in the 
control group were more highly respon- 
sive to the monkey than to either of the 
mother surrogates. Furthermore, the 
former group showed a higher frequency 
of response to the empty box than to 
the wire mother. 

In summary, the experimental analy- 
sis of the development of the infant 
monkey’s attachment to an inanimate 
mother surrogate demonstrates the over- 
whelming importance of the variable of 
soft body contact that characterized the 
cloth mother, and this held true for the 
appearance, development, and mainte- 
nance of the infant-surrogate-mother tie. 
The results also indicate that, without 
the factor of contact comfort, only a 
weak attachment, if any, is formed. 
Finally, probably the most surprising 
finding is that nursing or feeding played 
either no role or a subordinate role in 
the development of affection as meas- 
ured by contact time, responsiveness to 
fear, responsiveness to strangeness, and 
motivation to seek and see. No evidence 
was found indicating that nursing medi- 
ated the development of any of these 
responses, although there is evidence in- 
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dicating that feeding probably facilitated 
the early appearance and increased the 
early strength of affectional responsive- 
ness. Certainly feeding, in contrast to 
contact comfort, is neither a necessary 
nor a sufficient condition for affectional 
development. 
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Fig. 17. Differential responses to visual 
exploration.’ 
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Fig. 18. Retention of differential visual- 
exploration responses. 
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Retention of Affectional Responses 


One of the outstanding characteristics 
of the infant’s attachment to its mother 
is the persistence of the relationship over 
a period of years, even though the fre- 
quency of contact between infant and 
mother is reduced with increasing age, 
In order to test the persistence of the 
responsiveness of our “mother-surrogate” 
infants, the first four infant monkeys 
raised with dual mothers and all of the 
monkeys raised with single mothers were 
separated from their surrogates at 165 
to 170 days of age. They were tested for 
affectional retention during the follow- 
ing 9 days, then at 30-day intervals dur- 
ing the following year. The results are 
of necessity incomplete, inasmuch as 
the entire mother-surrogate program was 
initiated less than 2 years ago, but 
enough evidence is available to indicate 
that the attachment formed to the cloth 
mother during the first 6 months of life 
is enduring and not easily forgotten. 

Affectional retention as measured by 
the modified Butler box for the first 15 
months of testing for four of the infants 
raised with two mothers is given in Fig. 
18. Although there is considerable varia- 
bility in the total response frequency 
from session to session, there is a con- 
sistent difference in the number of re- 
sponses to the cloth mother as contrasted 
with responses to either the wire mother 
or the empty box, and there is no con- 
sistent difference between responses to 
the wire mother and to the empty box. 
The effects of contact comfort versus 
feeding are dramatically demonstrated 
in this test by the monkeys raised with 
either single cloth or wire mothers. Fig- 
ure 19 shows the frequency of response 
to the appropriate mother surrogate and 
to the blank box during the presepara- 
tion period and the first 90 days of re- 
tention testing. Removal of the mother 
resulted in a doubling of the frequency 
of response to the cloth mother and 
more than tripled the difference be- 
tween the responses to the cloth mother 
and those to the empty box for the in- 
fants that had lived with a single non- 
lactating cloth mother surrogate. The 
infants raised with a single lactating wire 
mother, on the other hand, not only 
failed to show any consistent preference 
for the wire mother but also showed a 
highly significant reduction in general 
level of responding. Although incom- 
plete, the data from further retention 
testing indicate that the difference be- 
tween these two groups persists for at 
least 5 months. 

Affectional retention was also tested 
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Fig. 20. Retention of responsiveness to 
mother surrogates in the open-field tests. 


in the open field during the first 9 days 
after separation and then at 30-day in- 
tervals. Each test condition was run 
twice in each retention period. In the 
initial retention tests the behavior of the 
infants that had lived with cloth moth- 


‘ers differed slightly from that observed 


during the period preceding separation. 
These infants tended to spend more time 
in contact with the mother and less time 
exploring and manipulating the objects 
in the room. The behavior of the infants 
raised with single wire mothers, on the 
other hand, changed radically during the 
first retention sessions, and responses to 
the mother surrogate dropped almost to 
zero. Objective evidence for these dif- 
ferences are given in Fig. 20, which re- 
veals the mean number of time periods 
spent in contact with the respective 
mothers. During the first retention test 
session, the infants raised with a single 
wire mother showed almost no responses 
to the mother surrogate they had always 


known. Since the infants raised with 


.both mothers were already approaching 


the maximum score in this measure, 
there was little room for improvement. 
The infants raised with a single nonlac- 
tating cloth mother, however, showed a 
consistent and significant increase in this 
measure during the first 90 days of re- 
tention. Evidence for the persistence of 
this responsiveness is given by the fact 
that after 15 months’ separation from 
their mothers, the infants that had lived 
with cloth mothers spent an average of 
8.75 out of 12 possible time periods in 
contact with the cloth mother during 
the test. The incomplete data for reten- 
tion testing of the infants raised with 
only a lactating wire mother or a non- 
lactating cloth mother indicates that 
there is little or no change in the initial 
differences found between these two 
groups in this test over a period of 5 
months. In the absence of the mother, 
the behavior of the infants raised with 
cloth mothers was similar in the initial 
retention tests to that during the pre- 
separation tests, but with repeated test- 
ing they tended to show gradual adap- 
tation to the open-field situation and, 
consequently, a reduction in their emo- 
tionality scores. Even with this over-all 
reduction in emotionality, these infants 
had consistently .lower emotionality 
scores when the mother was present. 
At the time of initiating the retention 
tests, an additional condition was intro- 


duced into the open-field test: the sur- 


rogate mother was placed in the center 
of the room and covered with a clear 
Plexiglas box. The animals raised with 
cloth mothers were initially disturbed 
and frustrated when their efforts to se- 
cure and contact the mother were 
blocked by the box. However, after sev- 
eral violent crashes into the plastic, the 
animals adapted to the situation and 
soon used the box as a place of orienta- 
tion for exploratory and play behavior. 


COMPOSITE EMOTIONAL INDEX 


SINGLE CLOTH NONFED 








re T T T T 
© 5 @—® CLOTH MOTHER 
° O---O CLOTH MOTHER-BOX 
. 4+ e--e BLANK “ 
a a _* 
ast od ‘, 3 A re 
= ees \w ov" 
2e Br ne Se 77 
z ‘a 
s ie Ie agate — 
w 
2 

iT 1 pe i i 





SINGLE WIRE FED 














T T Ly LJ T 
O 
aa = 
65 
a 
wae “4 
a 
WW 3 oe = 
= 
= 
2+ @—eWIRE MOTHER - 
= O---0 WIRE MOTHER-BOX 
Wif @-e BLANK - 
= 
l l 1 1 l 





ORIGINAL 0-9 30-39 60:69 90-99 





. ORIGINAL 0-9 30-39 60:69 90:99 


DAYS OF RETENTION 
Fig. 21. Emotionality index under three conditions in the open-field retention tests. 
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Fig. 22. Retention of responsiveness to 
mother surrogates in the straight-alley 
test. 


In fact, several infants were much more 
active under these conditions than they 
were when the mother was available for 
direct contact. A comparison of the 
composite emotionality index of the 
babies raised with a single cloth or wire 
mother under the three conditions of 
no mother, surrogate mother, and surro- 
gate-mother-box is presented in Fig. 21. 
The infants raised with a single cloth 
mother were consistently less emotional 
when they could contact the mother but 
also showed the effects of her visual 
presence, as their emotionality scores in 
the plastic box condition were definitely 
lower than their scores when the mother 
was absent. It appears that the infants 
gained considerable emotional security 
from the presence of the mother even 
though contact was denied. 

In contrast, the animals raised with 
only lactating wire mothers did not 
show any significant or consistent trends 
during these retention sessions other than 
a general over-all reduction of emo- 
tionality, which may be attributed to a 
general adaptation, the result of re- 
peated testing. 

Affectional retention has also been 
measured in the straight-alley test men- 
tioned earlier. During the preseparation 
tests it was found that the infants that 
had only wire mothers developed a gen- 
eral avoidance response to all of the 
stimuli in this test when they were about 
100 days of age and made few, if any, 
responses to the wire mother during the 
final test sessions. In contrast, all the 
infants raised with a cloth mother re- 
sponded positively to her. Maternal 
separation did not significantly change 
the behavior of any of the groups. The 
babies raised with just wire mothers 
continued to flee into the hiding booth 
in the presence of the wire mother, 
while all of the infants raised with 
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cloth mothers continued to respond 
positively to the cloth mother at ap- 
proximately the same level as in the 
preseparation tests. The mean number 
of time periods spent in contact with the 
appropriate mother surrogates for the 
first 3 months of retention testing are 
given in Fig. 22. There is little, if any, 
waning of responsiveness to the cloth 
mother during these 3 months. There 
appeared to be some loss of responsive- 
ness to the mother in this situation after 
5 to 6 months of separation, but the test 
was discontinued at that time as the in- 
fants had outgrown the apparatus. 

The retention data from these mul- 
tiple tests demonstrate clearly the im- 
portance of body contact for the future 
maintenance of affectional responses. 
Whereas several of the measures in the 
preseparation period suggested that the 
infants raised with only a wire mother 
might have developed a weak attach- 
ment to her, all responsiveness disap- 
peared in the first few days after the 
mother was withdrawn from the living- 
cage. Infants that had had the oppor- 
tunity of living with a cloth mother 
showed the opposite effect and either 
became more responsive to the cloth 
mother or continued to respond to her 
at the same level. 

These data indicate that once an af- 
fectional bond is formed it is maintained 
for a very considerable length of time 
with little reinforcement of the contact- 
comfort variable. The limited data avail- 
able for infants that have been sepa- 
rated from their mother surrogates for 
a year suggest that these affectional re- 
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Fig. 23. Typical response to cloth mother in the modified open-field test. 


sponses show resistance to extinction 
similar to the resistance previously dem- 
onstrated for learned fears and learned 
pain. Such data are in keeping with 
common observation of human behavior. 

It is true, however, that the infants 
raised with cloth mothers exhibit some 
absolute decrease in responsiveness with 
time in all of our major test situations. 
Such results would be obtained even if 
there were no true decrease in the 
strength of the affectional bond, be- 
cause of familiarization and adaptation 
resulting from repeated testing. There- 
fore, at the end of 1 year of retention 
testing, new tests were introduced into 
the experimental program. 

Our first new test was a modification 
of the open-field situation, in which 
basic principles of the home-cage fear 
test were incorporated. This particular 
choice was made partly because the lat- 
ter test had to be discontinued when the 
mother surrogates were removed from 
the home cages. 

For the new experiment a Masonite 
floor marked off in 6- by 12-inch rec- 
tangles was placed in the open-field 
chamber. Both mother surrogates were 
placed in the test room opposite a 
plastic start-box. Three fear stimuli, se- 
lected to produce differing degrees of 
emotionality, were placed in the center 
of the room directly in front of the start- 
box in successive test sessions. Eight 
trials were run under each stimulus con- 
dition, and in half of the trials the most 
direct path to the cloth mother was 
blocked by a large Plexiglas screen, il- 
lustrated in Fig. 23. Thus, in. these trials 





the infants were forced to approach and 
bypass the fear stimulus or the wire 
mother, or both, in order to reach the 
cloth mother. Following these 24 trials 
with the mothers present, one trial of 
each condition with both mothers ab- 
sent was run, and this in turn was fol- 
lowed by two trials run under the most 
emotion-provoking condition: with a me- 
chanical toy present and the direct path 
to the mother blocked. 

We now have complete data for the 
first four infants raised with both a cloth 
and a wire mother. Even with this scanty 
information, the results are obvious. As 
would be predicted from our other 
measures, the emotionality scores for 
the three stimuli were significantly dif- 
ferent and these same scores were in- 
creased greatly when the direct path to 
the mother was blocked. A highly sig- 
nificant preference was shown for the 
cloth mother under both conditions (di- 
rect and blocked path), although the 
presence of the block did increase the 
number of first responses to the wire 
mother from 3 to 10 percent. In all 
cases this was a transient response and 
the infants subsequently ran on to the 
cloth mother and clung tightly to her. 
Cbjective evidence for this overwhelm- 
ing preference is indicated in Fig. 24, 
which shows the mean number of time 
periods spent in contact with the two 
mothers. After a number of trials, the 
infants would go first to the cloth mother 
and then, and only then, would go out 
to explore, manipulate, and even attack 
and destroy the fear stimuli. It was as 
if they believed that their mother would 
protect them, even at the cost of her life 
—little enough to ask in view of her con- 
dition. 

The removal of the mother surrogates 
from the situation produced the pre- 
dictable effect of doubling the emotion- 
ality index. In the absence of the moth- 
ers, the infants would often run to the 
Plexiglas partition which formerly had 
blocked their path to the mother, or 
they would crouch in the corner behind 
the block where the mother normally 
would have been. The return of the 
mothers in the final two trials of the 
test in which the most emotion-evoking 
situation was presented resulted in be- 
havior near the normal level, as meas- 
ured by the emotionality index and con- 
tacts with the cloth mother. 

Our second test of this series was de- 
signed to replace the straight-alley test 
described above and provide more 
quantifiable data on responsiveness to 
fear stimuli. The test was conducted in 
an alley 8 feet long and 2 feet wide. 
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At one end of the alley and directly 
behind the monkeys’ restraining cham- 
ber was a small stimulus chamber which 
contained a fear object. Each trial was 
initiated by raising an opaque sliding 
door which exposed the fear stimulus. 
Beginning at a point 18 inches from the 
restraining chamber, the alley was di- 
vided lengthwise by a partition; this 
provided the infant with the choice of 
entering one of two alleys. 

The effects of all mother combina- 
tions were measured; these combina- 
tions included no mothers, two cloth 
mothers, two wire mothers, and a cloth 
and a wire mother. All mother con- 
ditions were counterbalanced by two 
distance conditions—distances of 24 
and 78 inches, respectively, from the 
restraining chamber. This made it pos- 
sible, for example, to provide the in- 
fant with the alternative of running to 
the cloth mother which was in close 
proximity to the fear stimulus or to the 
wire mother (or no mother) at a greater 
distance from the fear stimulus. Thus, 
it was possible to distinguish between 
running to the mother surrogate as'an 
object of security, and generalized flight 
in response to a fear stimulus. 

Again, the data available at this time 
are from the first four infants raised 
with cloth and wire mothers. Neverthe- 
less, the evidence is quite conclusive. A 
highly significant preference is shown 
for the cloth mother as compared to the 
wire mother or to no mother, and this 
preference appears to be independent of 
the proximity of the mother to the fear 
stimulus. In the condition in which two 
cloth mothers are present, one 24 inches 
from the fear stimulus and the other 78 
inches from it, there was a preference 
for the nearest mother, but the differ- 
ences were not statistically significant. 
In two conditions in which no cloth 
mother was present and the infant had 
to choose between a wire mother and 
no mother, or between two empty cham- 
bers, the emotionality scores were almost 
twice those under the cloth-mother-pres- 
ent condition. 

No differences were found in either 
of these tests that were related to previ- 
ous conditions of feeding—that is, to 
whether the monkey had nursed on the 
cloth or on the wire mother. 

The results of these two new tests, in- 
troduced after a full year’s separation 
of mother surrogate and infant, are com- 
parable to the results obtained during 
the preseparation period and the early 
retention testing. Preferential responses 
still favored the cloth as compared to 
the wire mother by as much as 85 to 


21 AUGUST 1959 


TIME IN CONTACT WITH MOTHERS 
DUAL FED ; 








MEAN TIME PERIODS 
ow 
LU 


























CLOTH WIRE 
MOTHER MOTHER 


Fig. 24. Differential responsiveness in the 
modified open-field test. 


90 percent, and the emotionality scores 
showed the typical 2:1 differential ratio 
with respect to mother-absent and 
mother-present conditions. 

The researches presented here on the 
analysis of two affectional variables 
through the use of objective and ob- 
servational techniques suggest a broad 
new field for the study of emotional 
development of infant animals. The 
analogous situations and results found 
in observations and study of human in- 
fants and of subprimates demonstrate 
the apparent face validity of our tests. 
The reliability of our observational tech- 
niques is indicated, for example, by the 
correlation coefficients computed for the 
composite emotional index in the open- 
field test. Four product-moment correla- 
tion coefficients, computed from four 
samples of 100 observations by five dif- 
ferent pairs of independent observers 
over a period of more than a year, 
ranged from .87 to .89. 


Additional Variables 


Although the overwhelming impor- 
tance of the contact variable has been 
clearly demonstrated in these experi- 
ments, there is reason to believe that 
other factors may contribute to the de- 
velopment of the affectional response 
pattern. We are currently conducting a 
series of new experiments to test some 
of these postulated variables. 

For example, Bowlby (/4) has sug- 
gested that one of the basic affectional 
variables in the primate order is not 
just contact but clinging contact. To 
test this hypothesis, four infant mon- 
keys are being raised with the standard 
cloth mother and a flat inclined plane, 


tightly covered with the same type of 
cloth. Thus, both objects contain the 
variable of contact with the soft cloth, 
but the shape of the mother tends to 
maximize the clinging variable, while 
the broad flat shape of the plane tends 
to minimize it. The preliminary results 
for differences in responsiveness to the 
cloth mother and responsiveness to the 
inclined plane under conditions that 
produce stress or fear or visual explor- 
ation suggest that clinging as well as 
contact is an affectional variable of con- 
siderable importance. 

Experiments now in progress on the 
role of rocking motion in the develop- 
ment of attachment indicate that this 
may be a variable of measurable im- 
portance. One group of infants is being 
raised on rocking and stationary moth- 
ers and a second group, on rocking and 
stationary inclined planes. Both groups 
of infants show a small but consistent 
preference for the rocking object, as 
measured in average hours spent on the 
two objects. 

Preliminary results for these three 
groups in the open-field test give addi- 
tional evidence concerning the variable 
of clinging comfort. These data revealed 
that the infants raised with the stand- 
ard cloth mother were more responsive 
to their mothers than the infants raised 
with inclined planes were to the planes. 

The discovery of three variables of 
measurable importance to the formation 
and retention of affection is not surpris- 
ing, and it is reasonable to assume that 
others will be demonstrated. The data 
so far obtained experimentally are in 
excellent concordance with the affec- 
tional variables named by Bowlby (14). 
We are now planning a series of studies 
to assess the effects of consistency and 
inconsistency with respect to the mother 
surrogates in relation to the clinical con- 
cept of rejection. The effects of early, 
intermediate, and late maternal depri- 
vation and the generalization of the in- 
fant-surrogate attachment in social de- 
velopment are also being investigated. 
Indeed, the strength and stability of 
the monkeys’ affectional responses te a 
mother surrogate are such that it should 
be practical to determine the neurolog- 
ical and biochemical variables that un- 
derlie love. 
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Amino Acid Metabolism in 


Mammalian Cell Cultures 


A number of cell lines derived from 
normal and malignant tissues have now 
been serially propagated in culture. 
These may be grown adherent to a glass 
surface and overlaid with a fluid me- 
dium, or they may be grown in suspen- 
sion; but in either case the opportunity 
is presented for the study of metabolism 
at the cellular level in a system which 
operationally resembles bacterial cul- 
tures in most essential respects. The cells 
and the medium can be separately ana- 
lyzed, balance experiments can be set up, 
metabolic processes can be examined 
qualitatively. and quantitatively under 
controlled conditions, and the corre- 
sponding enzymatic activities can be ex- 
plored in cell-free extracts. 

A relatively limited number of metab- 
olites have been shown to suffice for the 
apparently indefinite propagation of all 
the human cell lines so far studied. The 
minimal medium, in which every com- 
ponent is demonstrably essential, is listed 
in Table 1 and includes 29 components: 
13 amino acids, 8 vitamins, 6 ionic spe- 
cies, glucose, and serum protein (J, 2). 
The role of the serum protein is not en- 
tirely clear. Although a few cell lines 
have been serially propagated in a pro- 
tein-free medium (3), serum protein is 
required by most mammalian cell cul- 
tures. In monolayer cultures, the protein 
plays a role in the adhesion of the cells 
to glass (4). However, its essentiality in 
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suspension cultures indicates that this is 
not its only function, and it seems rea- 
sonable to assume that it acts in part as 
a carrier of as yet unidentified growth 
factors which are bound to the protein, 
and which are slowly released into the 
medium. 

The present article, dealing with the 
amino acid metabolism of these cultured 
cells, is a progress report rather than a 
review and in large part summarizes 
studies from a single laboratory. The 
enormous body of information available 
with respect to amino acid metabolism 
in bacterial cultures (5, 6) has served as 
a stimulus and prototype for the studies 
here reported. The relevant findings in 
bacterial systems have not been referred 
to in detail, only because that important 
exercise in comparative biochemistry is 
beyond the scope of the present report. 


Nutritionally Essential Amino Acids 


The -classic experiments of Rose and 
his coworkers (7) have shown that eight 
amino acids (isoleucine, leucine, lysine, 
methionine, phenylalanine, threonine, 
tryptophan, and valine) suffice for nitro- 
gen balance in feeding experiments in 
man. In contrast, every cell culture so 
far examined, whether human or’animal 
(8) in origin, and whether deriving from 
normal or malignant tissue (9), has re- 
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quired at least 13 amino acids for sur- 
vival and growth. Over and above the 
eight amino acids required for nitrogen 
balance, these cell cultures require argi- 
nine, cyst(e)ine, glutamine, histidine, 
and tyrosine, and on the omission of any 
one of these, the cells degenerate and 
die. In their early stages these degenera- 
tive processes are reversible. This pre- 
sents an opportunity to explore the inti- 
mate structural derangement caused by 
specific amino acid deficiences, and the 
reparative processes which occur on res- 
toration of these amino acids to the 
medium. 

None of the p-amino acids substitute 
for the L-isomer (8) except for p-cystine, 
and this apparently acts by mobilizing 
cyst(e)ine residues bound to the serum 
protein of the medium. (This is dis- 
cussed below.) Dipeptides were found 
to be active, substituting for both com- 
ponent amino acids (10). Recent ex- 
periments indicate that, although dipep- 
tides are hydrolyzed extracellularly by 
serum peptidases, and perhaps by cell- 
derived peptidases, some of the dipep- 
tide is transported into the cell and there 
hydrolyzed. 

A number of keto acids and other 
amino acid congeners have been tested 
with respect to their ability to substitute 
for the corresponding amino acid (//). 
The results with several human and ani- 
mal cell lines are summarized in Table 
2. The cells contain a wide variety of 
transaminases (12), and, as determined 
in feeding experiments in rats (5), most 
of these keto acids do in fact substitute 
for the corresponding amino acid. 

Of particular interest is the fact that, 
with all the human cell lines studied, 
citrulline substituted for arginine, while 
ornithine was inactive [Table 2; see also 
(13)]. Attempts to encourage citrulline 
biosynthesis by progressive removal of 
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citrulline from a medium containing 
ornithine have to date been unsuccessful. 

A number of possibilities may be con- 
sidered in explanation of the fact that 
at least five amino acids which are not 
required for nitrogen balance are never- 
theless essential for the survival and 
growth of cells in culture. 

1) Loss of biosynthetic mechanisms 
during prolonged growth in vivo. The 
enzymatic systems which, in vivo, permit 
the biosynthesis of arginine, cyst(e)ine, 
glutamine, histidine, and tyrosine may 
have been lost, in whole or in part, dur- 
ing the hundreds of generations of rapid 
growth in vitro. To assess this possibility, 
cells deriving from monkey kidney, mon- 
key testis, and rabbit embryonic tissues 
were examined with respect to their 
amino acid requirements in first culture 
passage, within 24 to 48 hours after their 
isolation from the animal host and prior 
to extensive multiplication (11, 14). All 
13 amino acids required by long-term 
cell cultures were necessary also for the 


survival and growth of these first-passage » 


cells. The requirement for 13 amino 
acids rather than eight is therefore not 
due to loss of biosynthetic mechanisms 
in the course of prolonged growth in 
culture, but these experiments do not 
exclude the possibility that the neces- 
sary enzymes are lost from the cells 
within the first 48 hours after their re- 
moval from the animal. 

2) Lack of appropriate precursors or 
cofactors (the role of folinic acid in gly- 
cine synthesis). A second possibility is 
that cultured cells retain the capacity to 
synthesize these five amino acids but 
that this is not evidenced in culture for 
lack of appropriate precursors or cofac- 
tors. This possibility is illustrated in the 
biosynthesis of glycine by monkey kidney 
cells in primary culture. For optimum 
growth, these cells require glycine (/4, 
15) because of a partial block in the con- 
version of serine to glycine (16), and 
that glycine requirement has been shown 
to be eliminated by the provision of fo- 
linic acid (17). The primary block in the 
biosynthesis of glycine by this cell culture 
is apparently in the reduction of folic 
acid to the metabolically active cofactor. 
However, no simple precursor has yet 
been found which can be used by cul- 
tured cells in lieu of preformed arginine, 
cyst(e)ine, glutamine, histidine, or tyro- 
sine, and no cofactor has been recog- 
nized which, as in the case of folinic 
acid and glycine, will stimulate that 
biosynthesis by cultured cells. 

3) Limited biosynthetic capacity, suf- 
ficient for survival but not for growth. 
21 AUGUST 1959 


As a third possible explanation for the 
essential nutritional role of arginine, 
cyst(e)ine, glutamine, histidine, and ty- 
rosine in cell cultures, it is possible that 
all mammalian cells, both in vivo and in 
vitro, have a limited capacity for the 
biosynthesis of these amino acids which 
could suffice for maintenance and nitro- 
gen balance in whole-animal feeding ex- 
periments but which is inadequate for 
the rapid growth characteristic of cell 
cultures. Such partial synthesis has been 
demonstrated under certain conditions 
for glutamine, cyst(e)ine and tyrosine. 
Glutamine synthesis. Although glu- 
tamic acid at physiological levels usually 
does not substitute for glutamine in these 
cell cultures, experiments with C*-la- 
beled glutamic acid and N-ammonia 
have shown (/8) that the cells do have a 
limited capacity to make glutamine from 
these precursors. Since glutamic acid, in 
turn, is formed to only a limited extent 
from glucose, glutamine is an essential 
amino acid for all of the serially propa- 
gated human cell cultures so far studied. 
However, monkey kidney cells in pri- 
mary passage can use glutamic acid or 
glutamine interchangeably (14), and in 
these cultures the minor biosynthesis of 


glutamic acid from glucose permits pro- 
longed survival, and occasionally lim- 
ited growth, in a medium lacking both 
glutamine and glutamic acid. A similar 
limited biosynthesis by human cells could 
account for the fact that glutamine is not 
necessary for nitrogen balance in short- 
term feeding experiments in man. 
Although it is not relevant to the main 
thread of this discussion, it is of interest 
to note that with every cell line so far ex- 
amined, high levels of glutamic acid sub- 
stitute for glutamine (19). DeMars has 
made the important observation that at 
these high concentrations the cells form 
greatly increased amounts of glutamine 
synthetase (20, 21). This increased en- 
zyme formation was product-inhibited— 
that is, the formation of glutamine syn- 
thase was inhibited by the presence of 
glutamine. Having formed the enzyme, 
the cells can then grow at low levels of 
glutamic acid for long periods, and per- 
haps indefinitely (27). This may be the 
first case of enzyme induction in serially 
propagated mammalian cell cultures. 
Monkey kidney cells in primary cul- 
ture, which can utilize glutamic acid and 
glutamine interchangeably, were found 
to have a glutamine synthetase activity 


Table 1. Minimum essential medium* for cultivation of mammalian cells in either mono- 
layer or suspension. The concentrations of most of the amino acids are greater than those 
originally recommended (1) and the relative amounts conform more closely to the pro- 
tein composition of cultured human cells (23). This permits the cultures to be kept for 
somewhat longer periods without refeeding. The concentration of some of the salts has 
been rounded off. In using this medium for the growth of cells in suspension, Ca** should 
be omitted or greatly reduced in order to minimize clumping (see 43), and the concen- 
tration of NaHzPo, may be increased tenfold for more effective buffering (43). 





Concentration Concentration 








Compound (mM) 





(mg/lit.*) Compound (mM) (mg/lit.*) 
L-Amino Acids Salts 
Arginine 0.6 105 NaCl a 6800 
Cystine 0.1 24 KCl 400 
Glutamine* 2.0 292 CaC i. 3 (0)+ 200 (0)+ 
Histidine 0.2 31 MgC o,f 1.0 200 
Isoleucine 0.4 52 bee H,O 1.1 (11)+ 150 (1500)+ 
Leucine 0.4 52 23.8 2000+ 
Lysine 0.4 58 pi 
Methionine 0.1 15 Choline 1 
Phenylalanine 0.2 32 Folic acid 1 
Threonine 0.4 48 Inositol 2 
Tryptophan 0.05 10 Nicotinamide 1 
Tyrosine 0.2 36 Pantothenate 1 
Valine 0.4 46 Pyridoxal 1 
Carbohydrate* Riboflavin 0.1 
Glucose 5.5 1000 Thiamine 1 


Serum Protein§ 
Whole or dialyzed 
serum, 5 to 10% 





* The fact that some of the amino acids can be replaced by such immediate precursors as the corresponding 
keto acids (1/1), that the vi can be r d by the corresp (44), or that a number 
of carbohydrates will substitute for glucose (45 ) does not change the minimum number of essential growth 
factors but relates only to the form in which they may be supplied. Conversely, the fact that bicarbonate, 
for example, is not an essential nutrilite for any of the serially propagated lines so far examined has no 
bearing on its essential metabolic role and means only that CO, is formed in adequate amounts from other 
components of the minimal medium—for example, glucose. 

+ In suspension cultures (see 43). 

t With small cell populations, the concentration of NaHCO, may be reduced from 0.20 to, for example, 
0.04 percent in order to minimize the alkalinization of the medium i in the early stages of growth. 

§ Optional supplementation is as follows: (i) ‘‘nonessential’” amino acids (alanine, asparagine, aspartic 

acid, glycine, glutamic acid, proline, serine), each at 0.1 mM; (ii) sodium pyruvate (1 mM). Of these, 

asparagine, serine, glycine, and pyruvate have proved necessary for the growth of certain cell lines, in a 
dialyzed serum medium, and serine is similarly required for the growth of single cells. 
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Table 2. Growth response of cultured cells to keto acid analogs of essential amino acids 


and related compounds (1/1). 





Amino acid Keto acid analog* 


Growth responsef of 








cell cell pry 

linest lines§ (5) 
L-Histidine B-Imidazolyl-pyruvic + + + 
L-Isoleucine a-Keto-b-methylvaleric +H fh ~ 
L-Leucine a-Ketoisocaproic ++ ++ + 
t-Methionine o-Keto-y-methiolbutyric ++ +4 + 
L-Phenylalanine Phenylpyruvic + ++ + 
L-Tyrosine p-Hydroxyphenylpyruvic + + 
L-Valine o-Ketoisovaleric ++ ++ + 
L-Arginine o-Keto-5-guanidinovaleric 0 0 0 
L-Threonine a-Keto-b-hydroxybutyric 0 
L-Tryptophan B-Indolylpyruvic 0 + 

Other analogs substituting for amino acid in growth of human cell lines 

Arginine Citrulline + to ++ 
Histidine Imidazole lactic acid + 





* Other inactive analogs are as follows. Arginine: a-ketocarbamidovaleric acid, t-ornithine, guanidine, 
guanidoacetic acid. Histidine: t-histidinol, t-histidinol phosphate, imidazole glycerol, imidazole glycerol 
phosphate, imidazole acetol phosphate. Leucine: leucic acid. Lysine: pL-pipecolic acid. Methionine: DL- 
homocystine (+ serine), pL-homoserine (+ cystine or inorganic sulfur). Valine: a-hydroxyisovaleric acid. 
+ (++) Growth rate of cultures equal to that obtained with amino acid: (+) growth rate approximately 
half that observed with amino acid; (+) definite but slight growth; (0) no significant growth response. 


t HeLa, KB, conjunctiva, liver, Detroit 116P. 
§ Mouse fibroblast (strain L-929) and sarcoma 180. 


of the same order of magnitude as that 
of glutamic-acid-adapted HeLa cells 
t2e). 

Provision of cyst(e)ine in a “cystine- 
free” medium. Four general pathways 
for the provision of cyst(e)ine have 
proved to be used by cultured human 
cells (2), including de novo biosynthe- 
sis. That biosynthesis alone does not, 
however, suffice for growth. 

One pathway involves the release of 
preformed cysteine from cystathionine. 
t-Homocystine is also active, but only 
in part by virtue of the condensation 
of homocysteine with L-serine to give 
L-cystathionine. In addition, as is dis- 
cussed in a following paragraph, it 


serves to dissociate cysteine residues 
bound to the serum protein of the me- 
dium. The degree to which methio- 
nine can be used to synthesize cysteine 
by way of homocysteine is under pres- 
ent study. 

Cultured human cells contain a large 
pool of taurine and glutathione (23). 
When they are grown in a cyst(e) ine-free 
medium, that glutathione, unlike the 
taurine, largely disappears (JJ). Its 
quantitative utilization for the provision 
of cystine would permit a 50- to 75-per- 
cent increase in cell protein. It remains 
to be seen whether, as in Escherichia coli 
(24), there is a similar cannibalization of 
dispensable cell proteins. 


Table 3. The biosynthesis of the “nonessential” amino acids. The numbers in the body of 
the table represent (i) specific activity per C atom, or (ii) atoms percent excess, in each 
case referred to that of the precursor as 100, it being assumed that all incorporation is 


into newly synthesized protein. (After 17, 18). 





Labeled precursors in medium 

















Amino ‘Gluta- a 
acid Glucose- Serine- Glu «g Glu- mine- Glu- 
synthe- U-c™ U-c™ mine- _tamic- state tamic- N*Hs 
sized U-C* U-C* 15 N*¥ 
by cell 2k ae . 
Carbon skeleton Amide N a-NHe 
Alanine 76 65 7 7 80 4 
Glycine 77 66 7 75 5 
Serine 78 65 2 10 76 4 
Asparagine 84 
Aspartic 11 .66 68 58 78 6 
Glutamine 100 
Glutamic 6 .08 62 84 83 4 
Proline 7 26 39 27 58 
Cyst(e)ine 22-47 22-32 2 
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The serum protein which must be 
added to the medium for the sustained 
growth of almost all mammalian cell 
lines (1) binds significant amounts of 
amino acids, which are released on boil- 
ing or on treatment with trichloroacetic 
acid (11). Bound cyst(e)ine is present 
in dialyzed human and horse serum at a 
concentration of at least 0.03mM, and 
the slow but continuing growth which 
may be observed in a cyst(e)ine-free me- 
dium (the rate increasing with the con- 
centration of serum) is due in part to 
the mobilization of this bound cyst(e) ine. 
The marked stimulatory effect of reduced 
inorganic sulfur compounds (S--, S,0,--, 
S,0,--, SO,--) on cell growth in a cys- 
t(e)ine-free medium is similarly due to 
the fact that they promote the release 
of the bound cystine residues from the 
serum protein (1/7). As shown by ex- 
periments with Na,S®5O,, the inorganic 
S is not itself used in cyst(e)ine biosyn- 
thesis (11), unlike the case of E. coli 
(24). p-Cystine and p-homocystine also 
promote growth in a cystine-free me- 
dium, as will glutathione, thioglycollate, 
cysteamine, and cystamine (11). These 
compounds mobilize bound cyst(e)ine 
from serum protein; in addition, some 
may yield NaSH by the action of a 
cellular desulfhydrase. 

Over and above the utilization of pre- 
formed cystine, or of closely related 
compounds such as glutathione and cys- 
tathionine, the cell can synthesize lim- 
ited amounts of cyst(e)ine from glucose 
(11) (see Table 3). The source of the 
sulfur in this limited biosynthesis, which 
of itself does not suffice for survival and 
growth, is probably methionine, by way 
of homocystine. 

Biosynthesis of tyrosine from phenyl- 
alanine. There is another example of a 
limited amino acid biosynthesis which 
might suffice for nitrogen balance and 
maintenance but which does not suffice 
for the sustained growth of cell cul- 
tures. A HeLa cell variant appeared 
spontaneously, characterized by a fibro- 
blast-like appearance, which overgrew 
the parent strain. This variant culture, 
unlike any other cell line so far ex- 
amined, was able to effect the hydrox- 
ylation of phenylalanine to tyrosine to a 
minor but significant degree (25). The 
reaction was completely inhibited in the 
presence of tyrosine—another example 
of a product-inhibited amino acid bio- 
synthesis. Despite their ability to make 
significant amounts of tyrosine, these 
altered cells could not survive in a tyro- 
sine-free medium, and added tyrosine 
was necessary for survival and growth. 
None of the other cell lines so far ex- 
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amined have been able to effect this 
hydroxylation, even in trace amounts, at 
least under the conditions of these ex- 
periments and in the medium of Table 1. 
4) The possible physiologic signifi- 
cance of the requirement of 13 amino 
acids. In explaining the fact that cultured 
cells require arginine, cyst(e)ine, gluta- 
mine (or a precursor amino acid), histi- 
dine, and tyrosine, a final possibility may 
be considered: that most body cells do in 
fact require all five of these amino acids. 
It could be that they are unnecessary for 
nitrogen balance in feeding experiments 
in man only because they are supplied 
either by the action of the intestinal flora 
on the other amino acids or by the meta- 
bolic action of, for example, the liver. 


Biosynthesis of the 
“Nonessential” Amino Acids 


Of the amino acids which are nutri- 
tionally nonessential, the carbon skele- 
tons of three (alanine, serine, and gly- 
cine) derive primarily from glocose, 
while four (asparagine, aspartic acid, 
glutamic acid, and proline) derive their 
carbon primarily from glutamine (/7, 
18). This dissociation is, however, not 
complete (see Table 3). In a medium 
containing both glucose and glutamine, 
2 to 7 percent of the alanine and serine 
carbons derive from glutamine, and, con- 
versely, amino acids of the glutamine 
family derive 5 to 11 percent of their 
carbon from products of glucose me- 
tabolism. The biosynthesis of cyst(e) ine 
is discussed above. 

The specific source of the a-amino 
nitrogen of the eight nutritionally non- 
essential amino acids is now under study. 
Glutamic acid, either directly or by way 
of aspartic acid, is apparently the pri- 
mary source of the a-NH, group of ala- 
nine, serine, glycine, asparagine, and pro- 
line. Free ammonia, which derives al- 
most entirely from the amide group of 
glutamine, when cells are grown in the 
minimal medium of Table 1, is used by 
the cells to only an insignificant degree 
for the biosynthesis of either amino 
acids, purines, or pyrimidines (1/8, 26- 
28). (The only exception is the biosyn- 
thesis of glutamine from glutamic acid.) 

Particular interest attaches to the bio- 
synthesis of asparagine. In a minimal 
medium its carbon skeleton has been 
found to derive from glutamine, pre- 
sumably by way of aspartic acid, while 
its amide nitrogen derives primarily 
from the amide nitrogen of glutamine 
(27). There is no present information as 
to the exact metabolic steps involved. 
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Vitamin B, has been found to play an 


“essential role in the synthesis of alanine, 


serine, glycine, and proline (29). In cells 
depleted of pyridoxal, the concentration 
of these amino acids in the cell pool was 
markedly reduced (30), and growth, 
which ceases in the vitamin-deficient 
cell, could be restored by the addition to 
the medium of these nonessential amino 
acids (29, 30). 

The designation of eight amino acids 
as nutritionally nonessential requires 
qualification on several scores. As indi- 
cated in Table 4, at least one cell line 
has shown a requirement for asparagine 
(31) over and above the requirement for 
glutamine. A rabbit fibroblast has been 
found to require serime (32), as did cells 
from the limb-buds of 22-day-old rabbit 
embryos (JJ), and monkey kidney cells 
in primary culture require glycine for 
optimal growth (14, 15). 

There is another situation in which 
normally nonessential amino acids regu- 
larly become essential for the optimum 
growth and even for the survival of ser- 
ially propagated cells. The minimal me- 
dium of Table 1, supplemented with 3- 
to 5-percent dialyzed serum, suffices for 
the indefinite growth of all the serially 
propagated human cell cultures so far 
examined, provided that a sufficiently 
large inoculum is used. However, when 
a minute cell population is placed in a 
relatively large volume of fluid, as in 
cloning experiments (33), that basal 
medium is usually no longer effective. 
The rate of growth of the clones is 
markedly reduced, and the cloning effi- 


ciency—that is, the proportion of cells 
which grew out to form visible colonies 
—is sometimes also greatly reduced 
(34). The growth of these small cell 
populations has been shown to be re- 
stored to normal levels by the addition 
either of whole serum, of higher concen- 
trations of dialyzed serum, or of the non- 
essential amino acids (34). In most of 
the experiments the complete mixture of 
the nutritionally nonessential amino acids 
could be replaced by a single amino acid, 
serine. Glycine was usually only partially 
effective, and this probably reflects the 
limited degree to which glycine can be 
used by these cells for the biosynthesis of 
serine (16). 

Preliminary results indicate that the 
major factor involved in this anomalous 
requirement for a “nonessential” amino 
acid, serine, by small cell populations is 
the loss of serine from the cell pool into 
the medium at a rate which exceeds the 
biosynthetic capacity of the cell (26). 


Amino Acid Pool 


All the cultured human cells exam- 
ined to date have been found to contain 
a significant amino acid pool (23), the 
composition of which is essentially simi- 
lar to that in animal tissues. Glutathione, 
taurine, glutamine, ammonia, and glu- 
tamic acid are present in largest amounts 
and together constitute approximately 
60 percent of the total pool amino acids. 

At concentrations in the medium 
comparable to those in the body fluids, 


Table 4. Nutritional and metabolic differences in cell cultures. 











Unusual boli 
Cell strain nutritional Unusual her nage Reference 
: activity 
requirement 
Walker carcinosarcoma 
(256) Asparagine (31) 
Rabbit fibroblast (RM3) 
and embryonic limb-bud 
cells Serine (17, 32) 
Monkey kidney cells in Aspartic ; (14,15) 
primary culture Glycine Glutamic (14) 
— glutamine 
Mouse fibroblast Biosynthesis of inositol 
(strain “L”’) in amounts sufficient for 
growth (46) 
Mouse leukemia 
(strain 388) Pyruvate (47) 
Mouse embryonic cells Pyruvate (11) 


HeLa “variant” 
HeLa clones 


protein 
*‘Nonessential” 
amino acids 


Small populations of 
HeLa cells ($3) 


(notably serine ) 


required for 


optimum growth 


Varying concen- 
trations of serum 


Phenylalanine —> tyrosine (25) 


(33) 


(34) 
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on the order of 0.1mM, most of the nu- 
tritionally essential amino acids are con- 
centrated by the cell approximately five- 
to tenfold. The degree to which the am- 
ino acid can be concentrated by the cell 
does, however, vary with the environ- 
ment—from, for example, as much as 
200-fold at an outside concentration of 
0.001mM to as little as twofold at an 
outside concentration of 10mM (26). 
The rate of transport into the cell is quite 
rapid, usually reaching 75 percent of the 
equilibrium value within 15 minutes, and 
the loss of amino acid when the cells are 
placed in ‘an amino-acid-deficient en- 
vironment is correspondingly rapid. 

It has been possible to determine for 
a number of specific amino acids the 
average intracellular concentration nec- 
essary for the initiation of protein syn- 
thesis and cell growth (17). When the 
pool concentration of a given amino 
acid was less than 0.01mM, there was 
usually no net synthesis of protein or 
cellular multiplication; maximum rates 
of protein synthesis and cell growth were 
observed at pool concentrations of 0.1 
to 0.2mM, and at intermediate levels the 
rate of cellular growth varied directly 
with the amino acid concentration. 


Metabolism of the Essential Amino Acids 


All but one of the nutritionally essen- 
tial amino acids so far studied (phenyl- 
alanine, tyrosine, lysine, valine, and 
threonine) have been found to be metab- 
olized by the cell to only a minimal de- 
gree. Their primary function in cell cul- 
tures appears to be their utilization for 
incorporation into protein (25, 35). 
Glutamine, however, is actively metab- 
olized. Over and above its direct utiliza- 
tion for protein synthesis, it is converted 
to glutamic acid, aspartic acid, aspara- 
gine, and proline and, to a limited de- 
gree, to serine and alanine as well. Its 
carbon skeleton is heavily used in the 
biosynthesis of pyrimidines, presumably 
by way of aspartic acid, and in the bio- 
synthesis of both purines and pyrimi- 
dines, the glutamide amide nitrogen con- 
tributes more than half of the total base 
nitrogen (28). Its role in poliovirus syn- 
thesis is discussed below. 


Protein Turnover 


When cultures are overlaid with a me- 
dium lacking one or more essential amino 
acids, there is of course no net synthesis 
of protein. Isotopically labeled amino 
acids are nevertheless incorporated from 
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such media into the cell protein at the 
surprisingly high rate of approximately 
0.7 to 1 percent per hour (25, 35). This 
rate is uniform for all the cell lines and 
amino acids studied and may continue 
for as long as 72 hours, by which time 
more than 50 percent of the specific 
amino acid residues of the protein have 
been replaced. The reverse process (that 
is, the loss of amino acids from prela- 
beled cell protein) proceeds at the same 
rate, provided that the corresponding 
amino acid is present in the medium. 
This incorporation is largely an intra- 
cellular process and is only in small part 
due to either cell degeneration or pro- 
tein secretion into the medium, followed 
by degradation to the amino acid level 
and resynthesis (35). 

In animal cells, there is as yet no con- 
clusive evidence as to whether this in- 
tracellular replacement of amino acid 
residues in cell protein involves the total 
breakdown of proteins to the amino acid 
level, followed by their resynthesis, or 
whether it is instead an exchange reac- 
tion between free amino acids in the 
cell pool and corresponding residues in 
an otherwise intact, or only partially de- 
graded, protein molecule. Unlike the 
case in bacteria (36) and yeast (37), 
the turnover process occurs at essentially 
the same rate in growing as in nongrow- 
ing cultures, and is there evidenced by 
incorporation of a labeled amino acid 
into protein in amounts exceeding that 
represented by the new protein syn- 
thesized (25, 35). It is noteworthy that 
metabolic inhibitors such as azide, di- 
nitrophenol, chloramphenicol, 6-mercap- 
topurine, and 5-fluorodeoxyuridine, at 
concentrations which totally inhibit the 
net synthesis of protein, have no sig- 
nificant effect on the rate of protein 
turnover (/7). 


Amino Acids in 
Biosynthesis of Poliovirus 


In heavy monolayer cultures of the 
HeLa cell, the biosynthesis of poliovirus 
has been shown to require only glucose, 
glutamine, and salts (38); for the rest, 
the precursors for virus were derived 
from the cell itself. That study left open 
the question as to whether the viral pro- 
tein was formed from the amino acid 
pool of the cell, whether the cells uti- 
lized their own protein for viral synthesis, 
or whether these two possibilities were 
the same, in the sense that cell protein 
turnover could supply the necessary free 
amino acids. Recent observations indi- 
cate that the synthesis of poliovirus by 





the HeLa cell requires the presence of 
a full complement of amino acids in the 
pool. 

In contrast to the results obtained in 
large cell populations, when a relatively 
small number of cells were placed in a 
large volume of medium containing only 
glucose, glutamine, and salts, the amount 
of virus formed per cell was strikingly 
reduced (39). In this situation there is a 
rapid loss of amino acids from the cell 
pool (/7); and the capacity of the cell 
to form virus was restored by the addi- 
tion of a full complement of amino acids 
to the medium (39). It is clear that the 
optimal poliovirus synthesis by the HeLa 
cell requires the presence of free amino 
acids in the pool, and it is a reasonable 
presumption, borne out by recent experi- 
ments with labeled amino acids and 
purified virus (40), that these amino 
acids are used for the synthesis of viral 
protein. 

It is of interest that the concentrations 
of glucose and of glutamine necessary 
for the optimal synthesis of virus were 
the same as those required for cell 
growth. Glutamic acid substituted for 
glutamine in virus propagation at the 
same high and nonphysiologic levels 
which permitted cell growth, and glu- 
tamic-adapted cells, which could grow 
at low levels of glutamic acid by virtue 
of their increased capacity to synthesize 
glutamine, formed maximal amounts of 
poliovirus at those same low levels (4/). 


General Considerations 


Provision of the 28 essential metabo- 
lites outlined in Table 1, supplemented 
with serum protein, permits the large- 
scale cultivation of a wide variety of 
serially propagated cell lines in both 
monolayer and suspension cultures, at 
an average generation time in the loga- 
rithmic phase of growth of 18 to 24 
hours. The same minimal medium, sup- 
plemented with serine, permits the 
growth of single human cells in 10 milli- 
liters of culture fluid with 50 to 100 per- 
cent cloning efficiency. Some animal 
cell lines require further specific supple- 
mentation (see Table 4). Although this 
basal medium has been used successfully 
for the cultivation of cells directly from 
the animal host (42), there is no infor- 
mation as to the proportion of the cells 
which grow out, or as to the additional 
growth factors which would be required 
for maximally efficient cloning. Until 
such cloning can be achieved with es- 
sentially 100 percent efficiency, the 
identification of cell cultures as, for ex- 
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ample, “liver,”* “lung,” or “bone mar- 
row’ is suspect. It is further to be noted 
that specialized organ functions are con- 
spicuously absent in almost all serially 
propagated dispersed cell cultures. It 
remains to be determined whether this 
reflects incorrect identification of the 
cells, an irreversible loss of their bio- 
synthetic capacities, absence from the 
environment of necessary precursors or 
cofactors, or the fact that cellular or- 
ganization and interaction are essential 
to those specialized functions. 
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Robert Emerson, Investigator 
of Photosynthesis 


At the present state of knowledge of 
biology the experimental approach, de- 
signed to establish empirical relations 
between relevant variables, usually turns 
up unexpected effects and thus serves as 
the starting point for the development 
of entirely new concepts. Robert Emer- 
son was particularly adept at this type of 
exploratory measurement uncommitted 
to any particular theory. His life was 
spent on experimental investigation of 
the mode of action of pigments in green 
plant photosynthesis. The effect of his 
career, directly on the field of photosyn- 
thesis and indirectly on related aspects 
of biology, is of particular value not only 
because of his own discoveries but also 
because he established unusually high 
standards of performance and critical 
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self-evaluation of experimental measure- 
ments. 

Born in 1903 to Haven Emerson 
(later to be public health commissioner 
for New York City as well as professor 
of public health at Columbia Univer- 
sity) and a Philadelphia Quaker mother, 
he grew up in New York, attended the 
Ethical Culture School, and spent his 
summers in rural Long Island. He grad- 
uated from Harvard in 1925 and: re- 
ceived his doctorate in 1927 from the 
University of Berlin; his work for the 
doctorate was based on studies of Chlo- 
rella respiration, made in collaboration 
with Otto Warburg. At this time he iso- 
lated the “Emerson strain” of Chlorella 
pyrenoidosa, which became the standard 
plant for photosynthesis research. He 
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returned to Harvard for two years as a 
National Research Council fellow, and 
there he taught a course on photosyn- 
thesis and experimented with the effects 
of light intensity, temperature, and 
chlorophyll content on photosynthesis 
of Chlorella. In his lectures be made 
experimental data speak for themselves 
—a powerful technique that he devel- 
oped to a high level of effectiveness. 

In 1929 he married Claire Garrison 
and moved to California Institute of 
Technology. There, with the assistance 
of William Arnold, he investigated the 
effects of flashing light on photosynthe- 
sis. These experiments are the basis for 
the concept of the “photosynthetic unit” 
—a group of chlorophyll molecules func- 
tioning together as a single entity. This 
concept turned out to be very fruitful 
and continues to provide incentive for 
many new experiments and discussions. 

Emerson’s scientific work reflected his 
extraordinarily forceful character. Two 
characteristics that influenced the course 
of his research and left a vivid impres- 
sion on his students and colleagues were 
his strong moral sense and his outrage 
at sloppy performance of any sort. His 
desire to do everything with excellence 
resulted in clear-cut, definitive scientific 
results. No relevant details of experi- 
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mentation were too minor to be set 
right, and his research was characterized 
by unusual care and thoughtful effort. 
He once made the comment that per- 
sonal satisfaction in scientific research 
comes more from thorough and reliable 
work than from a larger output of lesser 
quality. 

He enjoyed building things, particu- 
larly laboratory devices. The equipment 
he made was always solid, stable, and 
finished with a craftsmanship far beyond 
the ordinary in laboratory practice. 

On leave from California Institute of 
Technology, he spent the years 1937 
through 1940 as research associate in the 
Carnegie Institution’s Division of Plant 
Biology, at Stanford, where he had the 
understanding support of Herman A. 
Spoehr. There, with the assistance of 
Charlton Lewis, he measured the effec- 
tiveness of different wavelengths of light 
for photosynthesis in Chlorella and 
Chroococcus. For this purpose they built 
an excellent grating monochromator 
with a high energy output. These meas- 
urements are basic to our present knowl- 
edge about participation in photosynthe- 
sis by the accessory pigments—caroten- 
oids and phycobilins. Emerson and 
Lewis also discovered that light on the 
long-wave side of the red chlorophyll a 
absorption band is used very inefficiently. 
The carotenoids were found to be only 
partially effective, while the phycobilins 
contributed all their absorbed energy to 
photosynthesis. 

Following up these experiments, 
Emerson and Lewis redetermined the 
efficiency of photosynthesis in Chlorella 
—a classical experiment of his former 
teacher, Otto Warburg, for whom he 
had deep admiration and respect. The 
results of the new measurements gave an 
efficiency about one-third to one-half 
the previous value of four quanta re- 
quired to reduce a molecule of CQ,. 
This disagreement led to a long search 
for possible errors in both sets of meas- 
urements. Unfortunately, and quite un- 
necessarily, this disagreement developed 
into a bitter controversy, eventually in- 
volving several laboratories on both sides 
of the question. For Emerson it became 
a moral crusade of truth against error. 

In 1946, after six more years at the 
California Institute of Technology, he 
was appointed research professor of bot- 
any at the University of Illinois, where 
he remained. There he and Eugene 
Rabinowitch developed a leading center 
of photosynthesis study. The quantum- 
yield crusade continued for many diffi- 
cult years until it was established to his 
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Robert Emerson 


own satisfaction that the results he ob- 
tained were incontestable. He then pub- 
lished a series of articles written with 
remarkable detachment from the con- 
troversy. He made it possible for Otto 
Warburg to come as a visiting professor 
to Urbana in order that the discrepan- 
cies could be amicably settled. At the 
present time each of the opposing groups 
of investigators considers the problem 
satisfactorily settled in their favor, which 
means that they still disagree as strongly 
as ever about the efficiency of photosyn- 
thesis. 

Emerson’s last years were the most 
productive of all as he again took up the 
mode of action of the different plant 
pigments concerned with photosynthesis. 
The low efficiency of long-wavelength 
red light previously discovered with 
Lewis had been on his mind during the 
intervening years. It had remained a 
puzzle whose solution he instinctively 
felt would mean important progress in 
understanding that step of the photosyn- 
thetic process in which the conversion 
of light to chemical energy takes place. 
He returned to this problem with the 
discovery that the efficiency of long- 
wave red light can be dramatically raised 
by simultaneous irradiation at shorter 
wavelengths. The stimulating effect of 
simultaneous light activation of other 
pigments as well as of chlorophyll a on 
photosynthesis was the subject of his 
work at the time of his death [R. Emer- 
son and R. V. Chalmers, Phycol Soc. 
Am. News Bull. 11, 51 (1959)]. These 
studies, of great current interest, have 
raised serious doubts about the concept 
that all photosynthetic pigments of plants 
act only by transferring their energy to 
chlorophyll! a. 


A remark which circulated among his 
friends was: “Bob considers the world 
a moral gymnasium in which he is at 
liberty to exercise his conscience daily.” 
He was active in civil liberties organi- 
zations and was particularly concerned 
about discrimination against minority 
groups. The imprisonment of the Amer- 
ican citizens of Japanese ancestry during 
World War II aroused his moral indig- 
nation. He worked hard to reduce the 
suffering of these people, both on the 
personal level and in educating govern- 
ment officials to pursue a more civilized 
policy. His professional knowledge of 
plant physiology and his friendship with 
highly skilled Japanese gardeners and 
technicians contributed to his effective- 
ness in a guayule culture research pro- 
gram for rubber production during the 
war, 

He was a practising follower of his 
philosopher great uncle's cult of “plain 
living and high thinking.” He raised his 
own chickens and vegetables, enjoyed 
homemade bread, shaved with an old- 
fashioned straight razor, and for relaxa- 
tion made wood carvings. 

In spite of his well-known scientific 
achievements and of honors such as the 
Stephen Hales award of the American 
Society of Plant Physiologists, the 50th 
Anniversary award of the American 
Botanical Society, and membership in 
the National Academy of Sciences, he 
never seemed to be aware of his high 
status, both as a scientist and as a man, 
nor did he ever seem to realize how 
greatly he was esteemed by everyone 
who either worked with him or argued 
against him. 

Before World War II Emerson be- 
longed to the small group of scientists 
who had chosen photosynthesis as their 
main scientific problem. Ten years later, 
after research with radioactive tracer 
carbon had become fashionable, the 
number of people working on photosyn- 
thesis expanded rapidly, and the num- 
ber of published papers in this field has 
grown accordingly. But Emerson’s death 
in an airplane accident at La Guardia 
field on 3 February 1959 suddenly makes 
us aware that there are still only a very 
few scientists in the entire world capable 
of approaching the core of the problem 
with his technical ingenuity, his special 
knowledge, and the extraordinary care 
he took to ensure the reliability of the 
data that he published. 

C. Stacy FrencH 
Department of Plant Biology, 
Carnegie Institution of Washington, 
Stanford, California 
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News of Science 


Industrial Security Program 
Invalidated by Supreme Court; 
New Legislation Studied 


The Supreme Court invalidated the 
government’s industrial security pro- 
gram, which covers some 3 million de- 
fense plant workers, including many sci- 
entists, when it held on 29 June that 
neither Congress nor the President had 
authorized a program in which suspects 
were denied the right to confront their 
accusers. The Court said that there had 
only been acquiescence, “ ‘inferred’ au- 
thorization,” by the President and Con- 
gress to the procedure that has been es- 
tablished by the Secretary of Defense 
and his service secretaries. The Court 
indicated, further, that the Secretary of 
Defense would not need additional au- 
thorization to organize a security pro- 
gram if he provided “the safeguards of 
confrontation and cross-examination.” 

The 8 to 1 decision was handed down 
in the case of William L. Greene, aero- 
nautical engineer and former vice presi- 
dent of the Engineering and Research 
Corporation (ERCO), Riverdale, Md., 
whose security clearance was revoked by 
the Navy in 1953, although earlier he 
had been cleared on three different oc- 
casions. Since ERCO conducts classified 
defense work, Greene had to be dis- 
missed. One of the firm’s principal con- 
tracts is for a Navy aircraft flight simu- 
lator designed chiefly by Greene, who 
served the company for 18 years. 


The Charges 


In April 1954, a year after revocation 
of Greene’s clearance, the Eastern In- 
dustrial Personnel Security Board finally 
presented a statement of charges, all 
based on incidents that occurred between 
1942 and 1947, and granted a hearing. 
Most of the charges concerned Greene’s 
ex-wife, from whom he had been di- 
vorced in 1947, primarily because of 
problems arising from political differ- 
ences. He was accused of having asso- 
ciated with certain suspect persons (his 
wife and her friends); of having joined 
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a bookshop group of questionable loy- 
alty; of having attended a dinner given 
by the Southern Conference for Human 
Welfare, later cited as a Communist 
front organization—a dinner, inciden- 
tally, which was attended by many 
Washington notables, including members 
of the Supreme Court; and of having 
associated with officials of the Russian 
Embassy. In connection with this last 
charge, high-ranking ERCO officials 
testified that these contacts were for the 
purpose of securing business for the cor- 
poration. 

The 1954 hearing began with a state- 
ment by the chairman that the transcript 
would not include all the material in the 
file of the case. During the course of the 
proceedings, the introduction of new 
subjects of inquiry by the government 
made it evident that the board was re- 
lying on reports from confidential in- 
formants. When his appeal was rejected, 
Greene asked for a detailed statement 
of findings in support of the decision. 
He was informed that security consid- 
erations prohibited such disclosure. His 
only recourse was the courts, where he 
held that he was being deprived of lib- 
erty and property without due process 
of law—“property” being his employ- 
ment, and “liberty” his freedom to prac- 
tice his profession. Greene had been 
earning a salary of $18,000 a year at 
ERCO, but he was forced to accept a 
$4400 post as an architectural drafts- 
man, 


Warren Writes Opinion 


Chief Justice Earl Warren wrote the 
Court’s opinion for the case, in which 
he was joined by Justices Hugo L. 
Black, William O. Douglas, William J. 
Brennan, Jr., and Potter Stewart. War- 
ren said in part: 

“Certain principles have remained 
relatively immutable in our jurispru- 
dence. One of these is that where gov- 
ernmental action seriously injures an in- 
dividual, and the reasonableness of the 
action depends on fact findings, the evi- 
dence used to prove the Government’s 


case must be disclosed to the individual 
so that he has an opportunity to show 
that it is untrue. While this is important 
in the case of documentary evidence, it 
is even more important where the evi- 
dence consists of the testimony of indi- 
viduals whose memory might be faulty 
or who, in fact, might be perjurers or 
persons motivated by malice, vindictive- 
ness, intolerance, prejudice, or jealousy. 
We have formalized these protections in 
the requirements of confrontation and 
cross-examination. They have ancient 
roots. They find expression in the Sixth 
Amendment which provides that in all 
criminal cases the accused shall enjoy 
the right ‘to be confronted with the wit- 
nesses against him.’ This Court has been 
zealous to protect these rights from ero- 
sions, 3. 

“Under the present clearance proce- 
dures not only is the testimony of absent 
witnesses allowed to stand without the 
probing questions of the person under 
attack which often uncover inconsisten- 
cies, lapses of recollection, and bias, but, 
in addition, even the members of the 
clearance boards do not see the infor- 
mants or know their identities, but nor- 
mally rely on an investigator’s summary 
report of what the informant said with- 
out even examining the investigator per- 
sonally. ... 

“In the instant case, petitioner’s work 
opportunities have been severely limited 
on the basis of a fact determination ren- 
dered after a hearing which failed to 
comport with our traditional ideas of fair 
procedure. The type of hearing was the 
product of administrative decision not 
explicitly authorized by either Congress 
or the President. Whether those proce- 
dures under the circumstances comport 
with the Constitution we do not decide. 
Nor do we decide whether the President 
has inherent authority to create such a 
program, whether congressional action 
is necessary, or what the limits on execu- 
tive or legislative authority may be. We 
decide only that in the absence of ex- 
plicit authorization from either the Pres- 
ident or Congress the respondents were 
not empowered to deprive petitioner of 
his job in a proceeding in which he was 
not afforded the safeguards of confron- 
tation and cross-examination.” 

Justice Felix Frankfurter wrote a one- 
sentence concurrence, in which he was 
joined by Justices John Marshall Har- 
lan and Charles Evans Whittaker, agree- 
ing with the Chief Justice “that it has 
not been shown that either Congress or 
the President authorized the procedures 
whereby petitioner’s security clearance 
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was revoked, [but] intimating no views 
as to the validity of those procedures.” 
In a separate, special concurrence Har- 
lan amplified his statement by saying 
he could. not subscribe to the Court’s 
opinion because it “unnecessarily deals 
with the very issue it disclaims decid- 
ing.” Although Warren had stated that 
the Court did not need to decide the con- 
stitutional question of the right of con- 
frontation, he devoted five pages to dis- 
cussing it, starting with the Roman law 
of 2000 years ago. 


Clark Dissents 


Justice Tom Clark, in a lone dissent, 
observed: 

“Surely one does not have a consti- 
tutional right to have access to the Gov- 
ernment’s military secrets. .. . What for 
anyone else would be considered a privi- 
lege at ‘best has for’Greene been en- 
shrouded in constitutional protection. 
This sleight of hand is too much for 
me.” In his special concurrence Harlan 
took sharp issue with this view and com- 
mented: “It is regrettable that my 
brother Clark should have so far yielded 
to the temptations of colorful characteri- 
gation: - .” 

Clark emphasized that the Court’s 
opinion, by dealing so “copiously” with 
the constitutional issues, had “put a 
cloud” over the entire federal employe 
loyalty program: 

“While the Court disclaims deciding 
this constitutional question, no one read- 
ing the opinion will doubt that the ex- 
plicit language of its broad sweep speaks 
in prophecy. Let us hope that the winds 
may change. If they do not the present 
temporary debacle will turn into a rout 
of our internal security.” 


Hearings Held 


On 2 July, 3 days after the decision 
on the Greene case, the Senate Consti- 
tutional Rights Subcommittee, under the 
chairmanship of Senator Thomas C. 
Hennings, Jr., (D-Mo.), held a public 
hearing on methods of providing fair 
hearing procedures in federal loyalty- 
security programs, with particular ref- 
erence to the industrial personnel secur- 
ity review program. One of the witnesses 
was Ralph S. Brown, Jr., professor of 
law at the Yale University School of 
Law and author of the recently pub- 
lished book Loyalty and Security. 

He pointed out that confrontation and 
cross-examination are not the only ele- 
ments of due process that are often 
ignored in security cases. He then men- 
tioned four other defects, saying: 
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“First, the . . . alleged need for con- 
cealing the sources of derogatory infor- 
mation leads to inadequate charges, so 
that the employee does not know what 
he has to defend against. Second, in the 
hearings additional matters are often 
raised which have no relevance to the 
charges, or for that matter to the cri- 
teria of the programs. . . . Third, the 
findings on which decision is based, in 
the few instances in which they are dis- 
closed, tend to stray from the charges, 
especially in raising questions of veracity 
of which the employee has been given 
no notice. Fourth, though the employee 
may have, under the regulations, a right 
of review or appeal to a higher author- 
ity than the hearing board, he will usu- 
ally not be told what the findings are 
that are being reviewed and therefore 
cannot appeal intelligently. The Greene 
case itself demonstrates both of these 
deviations from fair procedure.” 

Another witness was Joseph Rauh, 
prominent Washington attorney and ex- 
pert on civil liberties cases. He made 
some particularly constructive comments 
about the secret informer issue. After 
pointing out that throughout its history 
the United States Government had 
always employed undercover agents, 
Rauh observed: “I am not against un- 
dercover agents. The question is, how 
you use them. .. . We suggest that you 
use undercover agents in this field of se- 
curity as you use them in every other 
field, as leads to get witnesses who will 
testify on the open record.” 

Recently, on 31 July, Senator Hen- 
nings announced that he had scheduled 
additional loyalty-security hearings on 
28 and 29 July to which he had invited 
the Attorney General and the Secretary 
of Defense. However, both men refused 
to attend, indicating that the Adminis- 
tration had not yet formulated a posi- 
tion on the subject. 

Hennings said that he was disturbed 
by reports that, as a result of the Greene 
decision, the Administration is consider- 
ing the immediate issuance of an Execu- 
tive Order covering hearing procedures 
under the industrial security program. 
He commented: 

“T think it is highly important, before 
either .Congress or the Administration 
acts in this matter, that the constitu- 
tional issues be explored carefully and 
thoroughly. . . . Since the Constitutional 
Rights Subcommittee is in the middle of 
a study of fair hearing procedures under 
the federal loyalty-security program, I 
do not think action should be taken until 
this study has been completed.” 





New Bills Offered 


Meanwhile, four new loyalty-security 
bills have already been offered—one in 
the House and three in the Senate. Sena- 
tor Hennings reports that he is preparing 
a fifth. [These are in addition to H.R. 
3693 (Scherer), S.776 (Butler), and 
S.1916 (Cotton-Stennis), which have 
been pending since early spring.] The 
bill before the House is H.R. 8121, in- 
troduced by Francis E. Walter (D-Pa.). 
The Senate has before it S.2314, spon- 
sored by Strom Thurmond (D-S.C.); 
S. 2392, sponsored by Owen D. John- 
ston (D-S.C.) and James O. Eastland 
(D-Miss.); and S. 2416, sponsored by 
Thomas J. Dodd (D-Conn.) and Ken- 
neth B. Keating (R-N.Y.). The 29-page 
Thurmond bill provides that regularly 
established confidential informants shall 
be protected if the investigative agency 
concerned determines that the “disclo- 
sure of their identity would prejudice 
the national security.” The Johnston- 
Eastland bill merely authorizes the con- 
tinuation of the present program, as does 
the Walter bill in the House. The Dodd- 
Keating bill, brief and rather vague, pro- 
vides that the right of confrontation be 
limited only in cases in which such con- 
frontation or disclosure of a witness’ 
activities would “adversely affect the na- 
tional security, safety, or public interest.” 
All of the Senate bills are being referred 
to the Internal Security Subcommittee. 
The Congress now has an opportunity 
to establish the structure for a personnel 
security program that will give con- 
sideration both to the legitimate needs 
of national security and to the require- 
ments of due process. 





Top-Level ‘Decision Making in 
Science and Other Fields To Be 
Studied by Senate Group 


A study of top-level governmental 
decision making in scientific, educa- 
tional, and other fields is currently under 
way in Washington. The Senate’s new 
National Policy Machinery subcommit- 
tee, headed by Henry M. Jackson 
(D-Wash.), will examine the policy- 
making procedures employed by the gov- 
ernment in deciding issues of basic na- 
tional and international significance. 
Among the questions that the group will 
ask are these: Was top-level considera- 
tion given to the psychological impact 
of permitting the Soviet Union to achieve 
scientific firsts in the missile and satel- 
lite field? Is such consideration being 
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given to the relationship between our 
present output of scientists and engineers 
and our future needs for these person- 
nel? How extensive a military commit- 
ment will national resources permit? 

The committee will study the ways in 
which these and other fundamental is- 
sues are decided and will suggest im- 
provements, including, possibly, the cre- 
ation of an academy of national policy 
similar in function to the National Acad- 
emy of Sciences. President Eisenhower, 
reversing an earlier position, has assured 
Jackson of the cooperation of the execu- 
tive office and of the National Security 
Council, the policy-making group that 
was the particular subject of a speech 
Jackson gave at the War College last 
April in which he outlined the weak- 
nesses in the government’s present execu- 
tive organization. 

Jackson and Senators Humphrey 
(D-Minn.) and Mundt (R-S.D.) are 
conducting the study because of their 
concern with the demands the East- 


West conflict makes on the institutions, 


of a democracy. Jackson feels some of 
these institutions, those relating to pol- 
icy making, must be evaluated in light 
of the new demands. One of the major 
factors that will decide the outcome of 
the conflict, Jackson believes, is the de- 
gree to which our government is able to 
present to the decision makers of the 
country clear alternatives on the issues 
the cold war is constantly bringing to 
the fore. The committee will concern 
itself only with the most basic decisions, 
made at the highest levels of govern- 
ment. An example from the past is the 
World War II decision to defeat Ger- 
many first and Japan second. Current 
examples of such questions, in addition 
to those bearing on science, are these: 
Should the increase of our gross national 
product be set as a goal of national pol- 
icy? How much consideration has been 
given to the use of nuclear weapons in 
limited war? 


Current Practices 


Fundamental issues that bear on the 
eventual outcome of the cold war, Jack- 
son maintains, are currently either not 
reaching top decision-making bodies such 
as the National Security Council or are 
reaching them in the form of fuzzy sets 
of alternatives or predecided recommen- 
dations. Such recommendations, Jack- 
son suggests, are the result of low-level 
compromises among various depart- 
ments of government. He believes that 
“plans which do not lead to sharp dis- 
putes at the NSC level are not good 
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Henry M. Jackson, who heads a new Sen- 
ate committee which will examine U.S. 
policy-making procedures. 


plans; they do not present the kind of 
issues which the top level ought to be 
called on to decide in this hard slugging 
contest between the Sino-Soviet bloc 
and ourselves. There is,” he says, “a role 
for both Chiefs and Indians, and only 
confusion can result when the Indians 
try to do the work of compromise which 
is the job of the Chiefs.” 

Present practices, Jackson maintains, 
lead to confusion and ambiguity about 
national goals among both government 
leaders and the public. Today, when 
survival is the issue, we lack a “coherent 
and purposeful national program that 
sets forth in simple terms what we have 
to do to survive, and why.” “In war- 
time,” Jackson told his War College au- 
dience, “our leaders know, and our peo- 
ple know, what they are trying to do, 
and what is demanded of them. This 
makes possible the marvelous unity and 
energy of wartime. We have no com- 
parable strategy for the cold war. Our 
leaders do not know, and the people 
surely do. not know, what our purposes 
are and how we propose to achieve 
them. . . . Our people are never told 
what is required of them. The Congress 
is presented with only bits and pieces of 
policies—that give us no clear idea of 
what the Executive branch is really try- 
ing to accomplish.” 


Some Early Proposals 


The failures and weaknesses of cur- 
rent policy-making procedures can be 
remedied, Jackson believes, by institut- 
ing a number of organizational changes. 
Some of these he suggested to the War 
College audience. Policy-planning staffs 
could be set up in each main depart- 
ment, with a position, role, and prestige 


like those of the Policy Planning Staff 
set up in the State Department during 
the Truman Administration. A policy 
committee could be organized in the 
form of an academy of national policy, 
outside the government but with access 
to classified information. The academy 
could draw on experts in national de- 
fense and in the sciences, social sciences, 
and humanities, and on leaders from 
public life. To the greatest extent pos- 
sible the academy’s reports would be 
made public, as part of a continuing ef- 
fort to develop an informed public 
opinion. In addition, the academy would 
prepare confidential reports for use by 
the government. Unlike temporary com- 
mittees, this center, being perma- 
nent, could build up a reputation for 
producing responsible and helpful re- 
ports. In the area of national scientific 
activities, the National Academy of Sci- 
ences has a similar role. 

Other suggestions made by Jackson in- 
clude redefinition of the National Se- 
curity Council’s role as that of identify- 
ing and clarifying policy choices for the 
President and his principal advisers. Its 
function would be that of sharpening 
policy choices in order to help the Presi- 
dent and the National Science Council 
see the issues clearly and thus decide 
them intelligently. : 


Guidelines Adopted 


Jackson’s group, which is a subcom- 
mittee of the Senate’s Committee on 
Government Organization, plans to 
study, rather than to investigate, current 
policy-making practices. In correspon- 
dence with the President it was agreed 
that the committee would be apolitical, 
and that there would be no sensational- 
ism or attempts to embarrass officials. 
After a set of proposed guidelines had 
been adopted, the President assigned 
Charles A. Haskins, senior staff member 
of the Natonal Security Council, to work 
with the subcommittee. A professional 
staff for the group has been assembled; 
it includes at least two former members 
of the State Department’s Policy Plan- 
ning Staff. 

Jackson, who at the age of 47 is start- 
ing his second term in the Senate, is 
generally regarded as a responsible and 
informed Senator with extensive experi- 
ence on committees dealing with atomic 
energy, the armed services, and missile 
development. With his staff set up, and 
with the assurances of the President be- 
hind him, he has already begun work 
on his study of the government’s policy- 
making machinery. In voting its unani- 
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mous approval of the study, the Senate 
allocated $60,000 and gave the com- 
mittee until the end of January 1960 to 
complete its report. More money and 
an extension of time to June or July of 
next year will probably be requested by 
the subcommittee. 

Jackson’s group will work with rep- 
resentatives of the ‘National Security 
Council in conducting the study. The 
issue, the men, and the cooperation of 
the President, observers suggest, indi- 
cate that the committee’s work will 
lead to important legislation. 





“Most Scientific” Satellite 
Put in Orbit 7 August 


A 142-pound satellite, designed to 
conduct 15 experiments during its year 
of life, has been placed in a highly ellip- 
tical orbit around the earth by the Na- 
tional Aeronautics and Space Adminis- 
tration. The launching vehicle, a three- 
stage Thor-Able rocket, left the pad at 
Cape Canaveral at 10:23 a.m. on 7 Au- 





Payload of the Explorer VI rocket, launched 7 August from Cape Canaveral by the National Aeronautics and Space Administration. 
The satellite, which weighs 142 pounds, is shown with solar cell paddle wheels extended. The launching vehicle was a Thor-Able rocket. 
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gust after one short delay in the count- 
down. 

The satellite, which has an apogee of 
26,400 miles and a perigee of 156, has 
the following devices and experiments: 
three devices to map the radiation belt 
ringing the earth with each of the instru- 
ments concentrating on a specific radia- 
tion energy level; a 2!/2-pound scanning 
device which is designed to relay a crude 
picture of the earth’s cloud cover; 8000 
solar cells, 1000 on each side of the four 
vanes, to generate current to recharge 
the satellite’s chemical batteries; a mi- 
crometeorite detector to gauge the size 
and speed of meteoric particles hitting 
the satellite; two types of magnetometers 
to map the earth’s magnetic field; and 
four experiments to study the behavior 
of radio waves, all aimed at finding out 
more about deep space communications. 
According to a NASA spokesman, all of 
the devices in the satellite were operat- 
ing properly 3 days after the launching. 
Because of the four vanes, or “paddle 
wheels,” projecting from its body, the 
new satellite is unusual in appearance. 





Second Bill to Spur Private 
Philanthropy Given No More 
Chance than the First 


A proposal to stimulate private phi- 
lanthropy for education, embodying 
ideas recently put forth by Clifford C. 
Furnas, chancellor of the University of 
Buffalo, has been introduced in the 
House of Representatives. This is the 
second measure with this aim now be- 
fore Congress. Earlier this year, Repre- 
sentative Frank Thompson, Jr., (D-N.J.) 
and Senator James E. Murray (D-Mont.) 
introduced identical bills providing all 
taxpayers with the same tax benefits for 
philanthropy that are now allowed per- 
sons in the top-income brackets. These 
bills, which reflected the conclusions of 
the AAAS-sponsored study “Stimulating 
Voluntary Giving to Higher Education 
and Other Programs,” are before the 
House Ways and Means Committee 
and the Senate Finance Committee. 

The new measure, which was intro- 
duced 23 July by Representative Harris 
B. McDowell, Jr., (D-Del.), allows $1 of 
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tax credit for every $1 given to institu- 
tions of higher learning by individuals 
and corporations. In the case of an in- 
dividual, this credit would be limited to 
10 percent of his adjusted gross income 
if he takes the standard deduction or 
uses the short form for his tax return, or 
30 percent if he itemizes his deductions; 
in the case of a corporation the limit 
would be 5 percent of taxable income. 
Within these limits it would, in effect, 
cost the taxpayer nothing to contribute 
to education. Chancellor Furnas esti- 
mates that a plan such as that proposed 
by Congressman McDowell will yield 
approximately $2 billion for higher edu- 
cation. 

Under provisions of the bills intro- 
duced earlier this year by Thompson 
and Murray, the flow of funds to edu- 
cation would be increased by allowing 
all taxpayers to subtract from their tax 
payments 91 percent (52 percent for 
corporations) of the amount they had 
contributed to institutions of higher edu- 
cation within an upper limit of 15 per- 


cent (10 percent for corporations) of , 


their adjusted gross income. 
Administration Opposed 


Reports on the bills from the govern- 
mental departments will almost without 
question be unfavorable. Previously pro- 
posed legislation, particularly that con- 
cerned with tax credits for college tu- 
ition, has revealed the Administration’s 
position on such measures. The Depart- 
ment of Health, Education, and Wel- 
fare has opposed such tax credit meas- 
ures on the grounds that they are incon- 
sistent with good public policy. In the 
department’s view, support of bills such 
as the Mc)owell and Thompson pro- 
posals would constitute an abdication of 
responsibility. Public funds, the depart- 
ment feels, should be disbursed by the 
elected representatives of the people— 
the Congress—on the basis of criteria 
set up to meet the educational needs of 
the country as a whole. Otherwise, in 
the administration’s view, there would 
be no guarantee that particularly needy 
educational institutions would receive 
the support they require. Tax revenues 
that are now being used to support such 
nationwide programs as that set up 
through the National Defense Educa- 
tional Act would, the department feels, 
be donated to institutions preferred by 
the individual taxpayer. 

The Treasury Department opposes tax 
credit bills of this type on the simple 
grounds that they deprive the federal 
government of funds due it under pres- 
ent income tax laws. If, as Furnas sug- 
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gests, a bill based on his. proposals will 
bring in $2 billion to educational insti- 
tutions, it will also divert that much 
revenue from the government. 

Opposition on these grounds, which 
apply equally to the McDowell and 
Thompson bills, will probably result in 
strongly unfavorable reports from the 
departments. How will these reports in- 
fluence the two committees to which the 
bills have been referred? To judge from 
past response to measures of this nature, 
only a heavy and concerted drive in 
Congress could make the current bills 
into law. There is little evidence that 
such a drive is in preparation. 





Committees Named for Science 
Writing Awards 


Ten represenatives from the fields of 
journalism, science, and education have 
been named to administer the recently 
established AAAS-Westinghouse Science 
Writing Awards, The ten, who will com- 
pose the screening and judging commit- 
tees, will select the best science writing, 
exclusive of that in medicine, to appear 
in the nation’s newspapers and general 
magazines during the current contest 
year. The writer of the best science story 
in each of the two types of publications 
will be awarded $1000. The awards will 
be presented at the annual meeting of 
the AAAS in Chicago in December. 

The judges are: Graham DuShane, 
editor of Science; Earl English, dean of 
the school of journalism at the Univer- 
sity of Missouri; Caryl Haskins, presi- 
dent of the Carnegie Institution of 
Washington; James A. Linen, publisher 
of Time; Morris Meister, president of 
Bronx Community College; Alan T. 
Waterman, director of the National Sci- 
ence Foundation; and J. Russell Wig- 
gins, vice president and executive edi- 
tor, Washington Post and Times Her- 
ald, and president of the American So- 
ciety of Newspaper Editors. 

The screening committe has the fol- 
lowing members: Hillier Kriegbaum, 
department of journalism, New York 
University; Sidney Negus, department 
of biochemistry, Medical College of Vir- 
ginia; and James Stokley, school of 
journalism, Michigan State University. 

The AAAS-Westinghouse Science 
Writing Awards were established to give 
recognition and encouragement to out- 
standing science writing, to stimulate 
public interest in science, and to foster 
a deeper understanding of the signifi- 
cance of science by the general public. 


The AAAS, the National Association of 
Science Writers, and Westinghouse co- 
operated in setting up the awards, which 
are supported by a grant from the West- 
inghouse Educational Foundation. 

Entries in the newspaper competition 
must have been published between 1 Oc- 
tober 1958 and 30 September 1959; in 
the magazine competition, entries must 
have appeared in editions dated between 
October 1958 and September 1959 in- 
clusive. To be eligible, all entries must 
be posted before midnight, 10 October 
1959, and must have been published ir. 
a newspaper or magazine within the 
United States. 

Inquiries about the competition and 
requests for entry blanks by entrants 
or their editors should be addressed 
to: Graham DuShane, Administrator, 
AAAS-Westinghouse Science Writing 
Awards, 1515 Massachusetts Ave., NW, 
Washington 5, D.C. 


“Takuyo Maru,” Another 
“Lucky Dragon”? 


Last July the Japanese Coast Guard 
vessel Takuyo Maru abandoned a scien- 
tific survey in the South Pacific after 
encountering radioactive rain 186 miles 
outside the danger zone for the United 
States Eniwetok nuclear test area. Now 
Hirokicho Nagano, 34, chief engineer of 
the survey ship, has died of leukemia. 
The Associated Press quotes Japanese 
officials as having said on 5 August: 

“We cannot announce the cause of 
death now because it is a very delicate 
matter that could cause international re- 
percussions. There will be an announce- 
ment later.” 

A spokesman for the Atomic Energy 
Commission reports that the medical 
question of whether or not the leukemia 
can be traced to the incident is under 
investigation. At the time of the acci- 
dent, American and Japanese physicians 
examined the crew and: found no evi- 
dence of harmful radiation, although 
some of the men had suffered a decrease 
in white blood corpuscles. Nagano was 
one of these. 

There have been no continuing medi- 
cal studies because the levels of exposure 
were considered to have been very low. 
However, a definite figure is not avail- 
able since the Takuyo Maru did not 
carry instruments for measuring radio- 
activity. In fact, last summer Japanese 
newspapers were sharply critical be- 
cause the vessel had been sent into the 
area without a Geiger counter. 

Nagano’s death may well grow into 
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an international issue such as that pre- 
cipitated by the death in 1954 of Aikichi 
Kuboyama, one of 23 men aboard the 
Japanese fishing boat Lucky Dragon, 
which was dusted with radioactive fall- 
out from a United States nuclear test at 
Bikini. In compensation, the United 
States paid Japan $2 million. 

The impact of the current incident is 
intensified by the timing, for announce- 
ment of the death came just before the 
anniversary on 6 August of the atomic 
bombing of Hiroshima, which killed at 
least 100,000 people. Now, 14 years 
later, 90,900 are still under medical care. 
The tragic moment, 8:15 a.m., is marked 
in Hiroshima by tolling bells and a mass 
meeting at a memorial built in an area 
known as Ground Zero. This year, as in 
others, the bells also signify the opening 
of the World Convention Against Nu- 
clear Weapons, attended by delegates 
from all over the world. 


Radiation in Industry 


An international conference will con- 
vene in Warsaw, Poland, on 8 Septem- 
ber to discuss the application of large 
radiation sources in industry, particularly 
in industrial chemical processes. The 
meeting, which is being organized by the 
International Atomic Energy Agency, 
will last 5 days and will be attended by 
more than 200 delegates from all parts 
of the world. This will be the first major 
scientific conference to be held by the 
agency to promote the peaceful use of 
nuclear radiation. 

The U.S. Atomic Energy Commission 
has announced that the Oak Ridge In- 
stitute of Nuclear Studies is coordinating 
U.S. participation. A committee set up 
by ORINS recommended papers for oral 
presentation; however, all abstracts 
were transmitted to the IAEA, which 
made the final selection. Approximately 
20 papers from the U.S. will be read. 


Scientists in the News 


Colonel FRANK M. TOWNSEND, 
the senior pathologist of the U.S. Air 
Force, has been appointed director of 
the Armed Forces Institute of Pathology, 
Washington, D.C. He succeeds Captain 
WILLIAM M. SILLIPHANT, M.C., 
U.S. Navy. 


RONALD SINGER, professor of 
anatomy at the University of Capetown, 
Union of South Africa, will serve for a 
year as visiting associate professor in the 
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department of anatomy at the University 
of Illinois College of Medicine. He suc- 
ceeds C. W. M. PRATT, lecturer in 
anatomy at Cambridge University, Eng- 
land, who has returned home after a 
year’s stay. Singer is serving at Illinois 
in the absence of JAMES C. PLAGGE, 
who is completing his second year with 
the International Cooperation Adminis- 
tration as a medical educator in Saigon, 
Vietnam. 


JOHN P. GILLIN, professor of an- 
thropology and research at the Univer- 
sity of North Carolina, has been ap- 
pointed dean of the Divison of Social 
Sciences and professor of anthropology 
at the University of Pittsburgh, effective 
1 September. 


HENRY E. BENT, dean of the grad- 
uate faculty and professor of chemistry 
at the University of Missouri, will head 
the graduate fellowship program of the 
National Defense Education Act, effec- 
tive in September. The graduate fellow- 
ship program is designed to increase the 
number of college teachers and to ex- 
pand and promote wider geographical 
distribution of graduate-school facilities. 


ROBERT PERLOFF, director of re- 
search and development at Science Re- 
search Associates, Inc., Chicago, IIl., has 
been appointed associate professor of 
psychology at Purdue University. 


NORMAN H. RICKER, formerly 
senior research physicist at Carter Oil 
Company, Tulsa, Okla., has been ap- 
pointed professor of physics at the Uni- 
versity of Oklahoma, Norman. 


NORMAN H. SULKIN, professor of 
anatomy and acting chairman of the de- 
partment of anatomy at the Bowman 
Gray School of Medicine, Wake Forest 
College, Winston-Salem, N.C., has been 
appointed chairman of that department. 


ARNOLD A. ZIMMERMANN, pro- 
fessor of anatomy at the University of 
Illinois College of Medicine, will retire 
on 1 September as professor emeritus. 
A noted embryologist and anatomist, he 
received his D.Sc. in Geneva, Switzer- 
land, in 1921. He had been affiliated 
with the Hooper Foundation in Califor- 
nia, the Mayo Clinic, and the Loyola 
College of Medicine in Chicago before 
joining the University of Illinois in 
1929. His research has included studies 
on the embryology of the lymphatic sys- 
tem, the comparative anatomy of vascu- 
lar systems, developmental cardiac 





anomalies, and the development of the 
rattle in rattlesnakes. Zimmermann will 
continue to teach, in the department of 
anatomy at Baylor University Medical 
School and at the University of Texas 
Dental Branch in Houston, Tex. 


HILARY KOPROWSKI, professor 
of research medicine at the University 
of Pennsylvania, has been awarded the 
1959 Alvarenga Prize of the College of 
Physicians of Philadelphia for his re- 
search on the development of a living 
attenuated virus vaccine against polio- 
myelitis. 


JOSEPH H. BURCKHALTER, head 
of the department of pharmaceutical 
chemistry at the University of Kansas 
School of Pharmacy, has been appointed 
professor of pharmaceutical chemistry 
at the University of Michigan’s College 
of Pharmacy, effective September 1960, 
He will succeed F. F. BLICKE, who 
will retire on 30 June 1960. 


JACOB L. GEWIRTZ, psychologist 
with the Laboratory of Psychology, Na- 
tional Institute of Mental Health, 
Bethesda, Md., will be on leave of ab- 
sence, beginning 1 October, to serve as 
visiting professor of psychology at the 
Hebrew University, Jerusalem, Israel. 


BLUE A. CARSTENSON, training 
consultant to the California State Hos- 
pital, Stockton, and the California De- 
partment of Mental Hygiene, has been 
appointed specialist for education on 
aging in the Office of Education, U.S. 
Department of Health, Education, and 
Welfare, Washington, D.C. He will also 
serve as technical director for the edu- 
cation panel of the White House Con- 
ference on Aging. 


JACOB H. CONN, practicing psy- 
chiatrist and assistant professor of psy- 
chiatry at the Johns Hopkins University 
Medical School, has been elected presi- 
dent of the National Society for Clinical 
and Experimental Hypnosis. 


Colonel JOHN A. NORCROSS, U.S. 
Air Force, has been appointed industrial 
physician in the health protection branch 
of the Atomic Energy Commission’s Di- 
vision of Biology and Medicine. 


STANLEY L. LEE, director of hema- 
tology at Maimonides Hospital, Brook- 
lyn, N.Y., has been appointed associate 
professor of medicine at the State Uni- 
versity of New York Downstate Medical 
Center, Brooklyn. 
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Book Reviews 


Population and Progress in the Far East. 
Warren S. Thompson. University of 
Chicago Press, Chicago, Ill., 1959. 443 
pp. $7.50. 


' In this book, Warren Thompson, the 
distinguished and well-known popula- 
tion expert, writes of Asian economic, 
sociocultural, and population problems 
with knowledge, understanding, and 
sympathy. In a sense, the book dates 
back to 1929 when Thompson brought 
out his prophetic Danger Spots in World 
Population, wherein he pointed out the 
relationship between population pressure 
and wars and pleaded for some under- 
standing of the economic problems of 
overcrowded countries. In 1946 he un- 
dertook a revision of that book but 
brought out what was really a new book, 
Population and Peace in the Pacific, the 
first competent and objective demo- 
graphic survey of the region. Now 
Thompson has revised this and written 
what is in many ways another new book, 
Population and Progress in the Far East. 

The title is apt, for here the author 
notes and evaluates the remarkable po- 
litical, cultural, economic, and _ social 
changes (and their interrelationship with 
basic demographic factors) that have 
occurred in the region since the termina- 
tion of World War II. Today, except for 
a few minor areas, Asia is politically 
free and has overthrown the discredited 
and unwanted European imperialism. 
(The British quit voluntarily and grace- 
fully; the Dutch and the French, not so 
gracefully.) Economically, Asia is un- 
dergoing belated agricultural and indus- 
trial revolutions. More land is being 
brought under cultivation, land which 
through the centuries has been consid- 
ered second-rate and uncultivable. Pro- 
duction per unit under cultivation is 
increasing, through the use of modern 
agricultural techniques. Despite limita- 
tions of raw materials, capital resources, 
and technological “know-how,” every 
country in the region has embarked on 
heavy and large-scale industrialization, 
thanks to the assistance of the United 
Nations and its specialized agencies, to 
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economic aid from the United States, 
to the Colombo Plan, and to other as- 
sistance. The Asian countries hope that 
industrialization will help to siphon sur- 
plus population from overcrowded agri- 
cultural regions into urban manufactur- 
ing areas. 

The emancipation of women has be- 
gun, and Asian women today occupy re- 
sponsible positions and are gaining po- 
litical, legal, and economic equality with 
men. What is more, Asia is trying to 
lift up the segments of its population 
which, through social and religious tra- 
dition, have been submerged and dis- 
criminated against. The hard cake of 
custom that offers resistance to change 
is being broken in Asia. Planned changes 
as well as involuntary changes in re- 
sponse to newly introduced technologi- 
cal innovations are taking place. Asia is 
trying to move from the bullock-cart 
stage to the jet age in one incredible 
leap. 

Perhaps the most important change 
is in the economic-political structure of 
government and society. Every Asian 
country is witnessing a struggle between 
conflicting ideologies—between individ- 
ual freedom, democracy and free enter- 
prise, and all that is best in the Western 
liberal tradition on the one hand and 
totalitarianism, regimentation, “demo- 
cratic dictatorship,” and communization 
on the other. In the race for rapid eco- 
nomic development the conflict is sym- 
bolized by India and China—the one 
with its freedom, democracy, and mixed 
economy and the other with its Com- 
munist controls and regimentation. 

Herein also lies the basic controversy 
between Malthus and Marx. Are huge 
populations an asset or a liability in an 
underdeveloped country attempting to 
raise its living standards? Japan and 
India are dedicated to an official policy 
of planned parenthood, whereas in 
China today the policy is pronatalist. 
Although for nearly 3 years the People’s 
Republic of China embarked on a vig- 
orous campaign for birth control, last 
year the policy was reversed in favor of 
the Marxian view of the population 


question. And if China’s communist 
economy is able to deliver the goods 
despite her teeming numbers and her 
alarming rate of growth (the net annual 
increase today is more than 20 million), 
the people of India may begin to won- 
der why their numbers must be reduced 
to facilitate quick economic progress. 
On the other hand, China might use her 
massive numbers as an excuse for ex- 
pansion in the near future. 

Thompson covers all these problems 
and more, as they are seen in Japan, 
India, China, Pakistan, Ceylon, Burma, 
Thailand, Cambodia, North and South 
Vietnam, Korea, and Taiwan, and in- 
cludes a wealth of documentary evi- 
dence and personal observation. His ob- 
servations on the demographic situation 
in all these areas are sound and relevant. 
However, his picture of policy in China 
is no longer accurate, for the policy has 
been changed since the book went to 
press. 

It is impossible in a brief review to 
do justice to Thompson’s book. It should 
be compulsory reading for every student 
of Asian affairs, and not just for demog- 
raphers or social scientists. Both the 
author and the publisher are to be con- 
gratulated on having given us this book. 

S. CHANDRASEKHAR 
Indian Institute for Population Studies, 
Madras, India 


A Record of History and Evolution of 
Early American Bridges. Llewellyn 
Nathaniel Edwards. University Press, 
Orono, Maine. 1959. xii+204 pp. 
Plates. $5. 


Although Llewellyn Edwards main- 
tained that his intensive studies of the 
history of American bridges were a 
hobby, this little book is anything but 
the work of an amateur. The com- 
pleted manuscript was prepared for 
publication through the efforts of Ed- 
wards’ widow and a number of his 
former colleagues. The resulting volume 
is a valuable addition to the literature 
on the development of bridge engineer- 
ing—a subject that deserves fuller ana- 
lytical treatment than has been given it 
in the past. There is certainly no lack 
of effusive writing on the architectural 
and scenic character of the bridge, but 
there is too little serious consideration 
of the technical significance of the 
bridge in terms of materials and struc- 
tural theory. 

As an active and successful bridge 
designer until shortly before his death 
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in 1952, Edwards was well qualified to 
undertake this project, and he was one 
of the few writers with the necessary 
background who have appeared in this 
field. 

The work is divided into four periods 
—pre-Colonial, Colonial, post-Revolu- 
tion, and post-Civil War—and this di- 
vision reflects its organization as a sur- 
vey of general development. This ap- 
proach, which differs from the more 
conventional presentation, made either 
in terms of the materials used or by 
major structural systems, permits a 
clearer discussion of the complex rela- 
tionships between the practical need for 
bridges, the current state of technology, 
the availability of materials, and the in- 
fluence of tradition. 

Several other aspects of the work are 
unusual and of very real value. One is 
the great amount of material that Ed- 
wards uncovered on American bridges 
built before and shortly after the Revo- 
lution, including several bridges in South 
America. Since they are, naturally, the 
least well documented, the bridges of 
this period have received only the most 
casual attention from historians, and 
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information on fewer than half a dozen 
of them has been readily available until 
now. The inclusion of a number of un- 
built projects in the discussion is unique. 
The many freak proposals are not men- 
tioned, only those which appear to have 
been rationally conceived, and plausible, 
if bold, for their time. Ellet’s proposed 
iron suspension spans for St. Louis 
(1840) and Georgetown, Maryland 
(1852), receive a deserved amount of 
attention. A further interesting sidelight 
is the description of a little known, un- 
built, iron-bowstring truss designed in 
1796 by the civil engineer Robert Ful- 
ton. Far from being of marginal value, 
information of this sort is as essential in 
a comprehensive study of the history of 
bridges as description of completed 
works. 

It is regrettable that a need for econ- 
omy in publishing the volume permitted 
the inclusion of only a small portion of 
the material resulting from the author’s 
extensive and very competent research. 
This same restriction made it necessary 
to confine the illustrations to a single 
grouping at the end of the book—a dis- 
concerting arrangement. Careful editing 
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would have prevented the mismatching 
of two photographs with their captions 
and with the text. 

These are insignificant faults com- 
pared to the major contribution Ed- 
wards made in a branch of technolog- 
ical history which has received so little 
serious attention. 

Rosert M. VocEL 
Smithsonian Institution, 
Washington, D.C. 


The Cellular Slime Molds. John Tyler 
Bonner. Princeton University Press, 
Princeton, N.J., 1959. viii+ 150 pp. 
Illus. $4. 


In his previous books, Bonner has dis- 
played a charming gift for light: treat- 
ment of biological problems. The pres- 
ent work, envisioned in the introduction 
as “a comprehensive survey of all the 
different known aspects of the biology 
of the cellular slime molds” and “a use- 
ful summary of all the work done be- 
fore 1959,” is a more scholarly under- 
taking. It is not nearly so successful. 

My most general objection to this 
book is that, while Bonner takes decided 
stands in evaluating previous investiga- 
tions, he does not provide enough fac- 
tual information about experimental 
methods and results to enable readers 
to do their own evaluating. It is an 
astonishing fact that the 150 pages in- 
clude one histogram, one semidiagram- 
matic graph, and no tables at all, to 
represent what is, by now, a consider- 
able body of quantitative information 
about slime mold development, genetics, 
and physiology. 

Despite the author’s intention of pro- 
viding a complete survey, a number of 
pertinent papers and experiments have 
been slighted. For example, the superb 
paper of Raper and Fennell on the con- 
struction of the fruiting body—which 
serves as a foundation of the modern de- 
scription of culmination—is accorded a 
single short paragraph, on page 107, 
among pages of observations and con- 
siderations of much less import. The re- 
cent work of my coworkers and me on 
the identification of the initiator cell for 
slime mold aggregation is cited in a 
footnote on page 89 but is not described, 
and the experiments which showed a 
Poissonian distribution of aggregative 
centers among small population samples, 
as well as a large body of data concern- 
ing synergistic aggregation by cell mix- 
tures of wild type and aggregateless 
mutants—work which provided the basis 
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for the initiator cell hypothesis—are not 
mentioned at all. Wilson and Ross’ pho- 
tomicrographic data, which suggest the 
possibility of meiosis, are mentioned 
briefly but are not pictured, and the 
chromosomal figures are not evaluated. 
Instead, on pages 39 and 40 Bonner be- 
labors a very dead horse—the original 
scheme of sexuality that was proposed 
by Wilson and that died in 1957 by its 
creator’s hand. As one of the pallbearers, 
I submit that the modified scheme of 
Wilson and Ross, summarily dismissed 
on page 41, deserves far more serious 
consideration than it is granted. Finally, 
Gregg’s stimulating work on the appear- 
ance of surface antigens during morpho- 
genesis is covered in a single short para- 
graph, on page 112, without inclusion 
of specific data. 

In view of the paucity of detailed, 
quantitative information and the rather 
superficial treatment of underlying ge- 
netic and biochemical problems, this 
book does not seem to me to be an im- 
provement upon the several reviews of 
the biology of the cellular slime molds 
that are now available. 

Maurice SuSSMAN 
Department of Biological Sciences, 
Brandeis University 


Exploration Hydrobiologique des Lacs 
Kivu, Edouard et Albert (1952-1954). 
Scientific results. vol. 3, fascicule 3. 
Institut Royal des Sciences Naturelles 
de Belgique, Brussels, 1959. 196 pp. 
Illus. 


Among the most important of the re- 
ports on the fauna and flora of tropical 
areas published in recent years have been 
the several extensive series of volumes 
issued by the Institute of the National 
Parks of the Belgian Congo. Somewhat 
in the nature of a companion series are 
those issued by the Royal Institute of 
Natural Sciences of Belgium on the nat- 
ural history of African areas which have 
been the subject of special Belgian ex- 
plorations. The current reports on lakes 
Kivu, Edward, and Albert follow and are 
comparable to several volumes dealing 
with the 1946-1947 hydrobiological ex- 
ploration of Lake Tanganyika. 

The present fascicule contains six re- 
ports. The first of these, by Jean Ver- 
beke of Brussels, deals with the stomach 
and intestinal contents of the fish of lakes 
Edward and Albert. In the brief intro- 
duction the relatively impoverished fish 
fauna of Lake Edward, consisting of 27 
species, is compared to the fish fauna of 
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Lake Albert, which includes 41 recorded 
species. There follow extensive lists and 
tables of the fish and of their food re- 
sources, based on many captures—of 17 
and 23 species, respectively—from the 
two lakes. Details of place, time, con- 
dition, method of capture, and so on 
for each fish examined are well docu- 
mented and are presented together with 
an enumeration of the stomach and in- 
testinal contents identified. An ultimate 
practical objective of reports such as 
this is evidently the acquisition of suffi- 
cient information to make possible the 
improvement of the fish resources of 
these lakes, perhaps partly through the 
introduction of species which do not 
now occur. 

The second paper, on Cladocera 
(water fleas), is by Vincent Brehm of 
Lunz am See, who has had over 45 
years of experience with the group. It 
deals with the Cladocera of the three 
lakes, mainly those taken in and about 
the lakes but also those removed from 
fish. The discussion and tabulation con- 
cern 24 species, none of which is de- 
scribed as new, though the anatomy and 
specific characters of several are de- 
scribed and illustrated. 

In the third paper, W. D. Hincks, of 
Manchester, reports briefly on 200 speci- 
mens of Dermaptera’ (earwings), repre- 
senting 10 species. Except for two poorly 
known species of Spongovostox, those 
recorded are rather common, widely 
distributed species. 

A rather full report on the Trichop- 
tera (caddis flies) of Lake Albert, by 
Serge Jacquemart of Brussels, comprises 
the fourth paper. A total of 25 species 
are treated, the majority being illus- 
trated; of the 25, three are described as 
new. About half of the species were not 
encountered at lakes Kivu and Edward, 
according to a report by Jacquemart in 
fascicule 2. 

Larvae of Chironomidae (midges) of 
the three lakes are dealt with in detail by 
Anna Chrispeels of Edinburgh. Twenty- 
six species are treated, and all of them 
are illustrated, but specific names could 
not be applied with certainty to any of 
them. Generic or species-group place- 
ment must suffice until rearing of the 
larvae and association of the individuals 
with’ identified adults have been accom- 
plished. The Chironomidae are one of 
the principal foods of the lake fishes, 
and this situation demonstrates the ex- 
acting and time-consuming biological 
and taxonomic work required for a full 
understanding of the insects comprising 
much of the diet of these important 
animals. The illustrations consist of fine, 


detailed line drawings, mainly of head 
structures and terminal portions of the 
abdomen. Descriptions, identification 
keys, documentation of collecting sta- 
tions and material removed from fish, 
and a bibliography are included. Adult 
Chironomidae were discussed by P. 
Freeman in fascicule 2. 

The sixth and final paper is a brief 
account of the Bostrychidae (false pow- 
der-post beetles) by J.-M. Vrydagh of 
Brussels. Sixteen species, in nine genera, 
of this family were collected near the 
three lakes. The author expresses the 
opinion that, while adults sometimes are 
attracted to light at night, it is a mistake 
to consider this a general habit. 

AsHuey B. GurNEY 
Entomology Research Division, 
U.S. Department of Agriculture 


Elements of Physical Metallurgy. Albert 
G. Guy. Addison-Wesley, Reading, 
Mass., ed. 2, 1959. xvi +528 pp. Illus. 
$9.50. 


Elements of Physical Metallurgy is a 
well-organized, well-written book on 
physical metallurgy. The author has ful- 
filled his objective of writing a book 
which can be used as a textbook for sci- 
ence, engineering, and metallurgy- stu- 
dents. It should also prove a useful ad- 
dition to the library of the practicing 
metallurgist, since it presents the fun- 
damentals of physical metallurgy in a 
very readable manner and (in this sec- 
ond edition) covers the latest concepts 
of dislocation theory. 

In the first two chapters, the field of 
metallurgy is defined and surveyed. In 
the next four chapters atomic theory, 
crystal structure, phases in metal sys- 
tems, and phase diagrams are covered. 
In the latter chapters some industrially 
important equilibrium diagrams are dis- 
cussed. With these chapters as a back- 
ground, the author then discusses the 
physical properties, elasticity, plasticity, 
and corrosion (air, water, and liquid 
metal) of metals. 

The last four chapters are concerned 
with reactions in metals: diffusion in 
metals; recovery, recrystallization, and 
grain growth; age hardening; and heat 
treatment of steels. The book is well 
illustrated, and each chapter concludes 
with a list of references as well as a 
number of problems. Throughout the 
book, the author shows how the basic 
principles are applied in industry. 

This book covers a great deal of ma- 
terial and should make an excellent text 
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for a course in physical metallurgy. A 
few errors appear in the text. On page 
45, in the illustrative problem, E equals 
3.97 x 10-12, not 3.97 x 10-22; on page 66 
it is stated that thorium is a nuclear fuel 
(it is actually a fertile material which 
can be converted by neutron absorption 
into a fuel); on page 77, in Fig. 4a, the 
Cs ion appears in the sodium chloride 
structure; and on page 184 the ends of 
the tie line at the base of Fig. 6-13 ex- 
tend beyond the phases in equilibrium. 
Finally, the section on metals in nuclear 
engineering seems out of place at the 
end of chapter 3. In future editions this 
section should be amplified. 

Davw H. Gurinsky 
General Atomic Division, 
General Dynamics Corporation, 
San Diego, California 


A History of Western Technology. 
Friedrich Klemm. Translated by Doro- 
thea Waley Singer. Scribner’s, New 
York, 1959. 401 pp. Illus. + plates. 
$6.50. 


This is a translation of a work origi- 
nally published in Germany in 1954, in 
the series Orbis Academicus, Histories 
of Scientific Problems in Documents 
and Descriptions. The body of the book 
consists of selections from the sources, 
connected by the author’s commentary. 
Such an approach to the history of tech- 
nology seems never to have been tried 
before, and the author shows it to be 
surprisingly rewarding in this field, 
which is generally thought to be want- 
ing in written records. 

The author, who is librarian of the 
famous Deutsches Museum, shows him- 
self to be steeped in the little-known 
literature of early technology. Not only 
has he quoted from such authors as the 
Italians Alberti, Martini, Filarete, and 
Fontana, and the Germans Glauber, 
Boeckler, Leupold, and Calvoer, but he 
has woven the quotations into what is 
surely the most readable history of tech- 
nology yet published. If the German 
writers are favored, they are less fa- 
vored here than they are neglected in 
most works on this subject. 

As is usual in one-volume histories of 
technology (of which there are very 
few), the earlier periods are treated in 
a leisurely fashion, and later periods 
with increasing brevity, and the 20th 
century with a bare snapshot. Klemm’s 
exposition of the Middle Ages and of 
the era that followed, through the 17th 
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century, is outstanding, and as this is 
the darkest age of technology, this sec- 
tion gives his book its greatest distinc- 
tion. Some of the source materials 
quoted are as thought-provoking as they 
are unusual. Examples are the Council 
Decrees of 16th-century Niirnberg in 
the matter of the inventive “red metal 
turner” Hans Spaichl, and the quoted 
impressions of European visitors to the 
Philadelphia Fair of 1876. 

The translation is generally satisfac- 
tory, and it is gratifying to have this 
outstanding book rendered so promptly 
into English. It is very much to be re- 
gretted, however, that the publisher of 
the English edition saw fit to omit so 
much of the priceless accessory docu- 
mentation contained in the German 
edition. The footnotes referring to 
sources and secondary works have been 
retained, but the bibliography has been 
reduced from ten pages to four (the re- 
duction is actually greater than this 
would indicate, for the pages of the 
German editions are closely packed), 
through the elimination of all but Eng- 
lish works. Omitted entirely from the 
English edition are a 6-page chronology 
of events in the history of technology 
and a 17-page bibliography of sources. 
Anyone seriously interested in further 
reading in the subject must, therefore, 
have recourse to the original. 

Rosert P. MuLTHAUF 
Department of Science and Technology, 
Smithsonian Institution 


New Books 


Analytical and Canonical Formalism in 
Physics. André Mercier. North-Holland, 
Amsterdam; Interscience, New York, 
1959. 229 pp. $6.75. 

The Chemistry of Organic Compounds. 
A year’s course in organic chemistry. 
James Bryant Conant and Albert Harold 
Blatt. Macmillan, New York, ed. 5, 1959. 
660 pp. $7.75. 

Ground Water Hydrology. David Keith 
Todd. Wiley, New York; Chapman & 
Hall, London, 1959. 348 pp. $10.75. 

The Hand of Life. The story of the 
Weizmann Institute. Ritchie Calder. 
Weidenfeld and Nicolson, London, 1959. 
78 pp. 30s. 

Handbuch der Physik. vol. 41, pt. 1, 
Nuclear Reactions 2: Theory, 587 pp., 
DM. 145; vol. 44, Nuclear Instrumenta- 
tion 1, 480 pp., DM. 125; vol. 53, Astro- 
physics 4: Stellar Systems, 573 pp., DM. 
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Isolation of a Hemolytic 
Component of Fire Ant Venom 


Abstract. A crystalline hemolytic prin- 
ciple, shown to be a constituent of fire ant 
venom and having the properties of an 
amine, was isolated from crude extracts 
of whole ants. The chromatographic pro- 
cedure of isolation is described, and a pre- 
liminary report is given about some prop- 
erties of the substance. 


Interest in the responses to the sting 
of the fire ant (Solenopsis saevissima) 
and in its venom has been indicated in 
several recent publications (/-3). It has 


been reported that human subjects stung ° 


by fire ants show reactions of two types: 
a local necrosis and a systemic reaction 
presumably due to allergy (J). The 
present report (4) represents the first 
stage of our investigations of the nature 
of the necrotoxic principle(s) of the 
venom. 

In studies (3) of some of the pharma- 
cological properties of crude methanol- 
chloroform extracts of ants and of pure 
venom collected from the tip of the 
stinger, it was found that both prepara- 
tions exhibit strong hemolytic activity. 
That this activity is confined to the 
venom was indicated by the following 
experiment: An extract prepared from 
95 ants whose venom sacs had been care- 
fully dissected out was found to be 
virtually devoid of activity, while the 
contents of a single sac was highly 
hemolytic. 

The hemolytic principle appeared to 
be nonprotein in nature because crude 
extracts showed no sensible loss of ac- 
tivity on exposure to heat (100°C, 1 hr), 
the active component of extracts was 
soluble in a nonpolar solvent such as 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to ths squivalent of 
1200 words. This space includes thet occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see ‘Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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petroleum ether, and pure venom was 
Ninhydrin-negative. More insight into 
the nature of the hemolytic principle was 
gained from the observation that pure 
venom is alkaline in reaction and gives 
a positive nitrogen test, and that prepa- 
rations lose their activity upon exposure 
to cation exchangers. These findings in- 
dicated that the hemolytic principle was 
associated with the alkaline constituents 
of the venom and -was probably an 
amine. 

These observations suggested a sensi- 
tive method of assay for at least one 
component of venom, the hemolytic prin- 
ciple, and led us to concentrate our 
efforts on isolating this component from 
crude extracts. This appeared to be 
preferable to our earlier plan of frac- 
tionating pure venom, the collection of 
which required enormous time and 
labor. 

The method used to measure hemo- 
lytic activity is a modification of the 
procedure described by Wilbur and Col- 
lier (5). An aliquot of the material to 
be tested is taken up in 0.2 ml of ethanol 
and mixed with 3 ml of a stock suspen- 
sion of washed rabbit erythrocytes in 
isotonic buffered saline (4.53 g of NaCl 
per liter of 0.067M phosphate buffer, 
pH 7.0). Hemolysis results in a decrease 
of the opacity of the suspension; this in 
turn is reflected in a decrease in optical 
density when readings are made at 
i 660 mu in a spectrophotometer. The 
more potent the preparation, the less 
time it requires to bring about hemol- 
ysis. 

To isolate the hemolytic component, 
ants are homogenized in tissue grinders, 
20 ml of methanol being used per gram 
of ants, and the clear extract is sepa- 
rated. The residue is reextracted in a 
similar manner with chloroform. The 
combined extracts are evaporated to a 
thick, oily mass in a flash evaporator, 
at 40°C. The concentrate is taken up 
in petroleum ether, from which medium 
the active material is adsorbed on silicic 
acid (Mallinckrodt, A. R., 100 mesh). 
This is then eluted with a 2:3 mixture 
of acetone and petroleum ether, until 
the effluent is free of activity. The con- 
centrate from the eluate is taken up in 
a neutral, 1:1 mixture of methanol and 
acetone. Treatment of this preparation 


with carboxymethylcellulose (Brown Co., 
CM-S, type 20) transfers the active ma- 
terial to the ion exchanger. The cellu- 
lose is then treated with an excess of 
phosphate buffer (pH 7.0), 0.25M, and 
the mixture is extracted with petroleum 
ether followed by chloroform. The con- 
centrate from the combined extracts is 
dried over phosphoric anhydride under 
vacuum. It is then dissolved in dry ethyl 
ether (about 10 ml per gram of concen- 
trate), and the solution is chilled in an 
ice bath. When dry HCl is bubbled 
through this solution, the active prin- 
ciple separates as a white precipitate, 
presumably as the hydrochloride. This 
is washed free of the yellow mother 
liquor with more ethyl ether. It is then 
recrystallized twice from a mixture of 
carbon tetrachloride and petroleum 
ether and once from a mixture of 
ethanol and ethyl ether. Starting with a 
27-g batch of ants, we obtained 160 mg 
of crystals and some 75 mg of less pure 
material. 

The hydrochloride melts at 144° to 
145°C, and it responds to the tests for 
tertiary amines. It is soluble in chloro- 
form, carbon tetrachloride, and ethanol, 
slightly soluble in ethyl ether, and in- 
soluble in water and petroleum ether. 
The free amine appears to be soluble in 
the usual fat solvents and insoluble in 
water. 

The crystalline material is potently 
hemolytic: addition of 100 ug to 3 ml of 
the stock erythrocyte suspension brought 
about complete hemolysis in less than 
15 seconds. The hemolytic effect is 
slowed considerably in the presence of 
serum and in systems containing choles- 
terol. 

Further studies now in progress may 
enable us to assess the relationship of 
this substance to other constituents of 
the venom. 

GerorcE A. ADROUNY 
Department of Biochemistry, Tulane 
University, New Orleans, Louisiana 
VINCENT J. DERBES 
Department of Medicine, 
Tulane University School of Medicine 
Ropney C. June 
Department of Tropical Medicine 
and Public Health, Tulane University 
School of Medicine 
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A Mammalian Thioglycosidase 


Abstract. A thioglycosidase capable of 
catalyzing the hydrolysis of 6-purine B-p- 
glucothiopyranoside and other thioglyco- 
sides has been found in a number of mam- 
malian tissues (including tumors) as well 
as in almond emulsin. The substrate spe- 
cificity of mammalian thioglycosidase in- 
volves both the aglycone and the glycosyl 
moieties. 


In the course of a study of the rela- 
tionship between chemical structure and 
antitumor activity among derivatives of 
6-mercaptopurine, 6-purine 6-p-gluco- 
thiopyranoside (MPG) and a number of 
related thioglycosides were synthesized 
(1). When the thioglycoside was treated 
with a commercial almond emulsin 
preparation, enzymatic hydrolysis to 
6-mercaptopurine (6-MP) and glucose 
was observed (1). The marked activity 
of almond emulsin was surprising in 


view of Pigman’s (2) report that syn- 
thetic thioglycosides do not serve as sub- 
strates for this enzyme. 

In the course of antitumor trials in 
mice, MPG when administered intra- 
peritoneally was found to have activity 
against sarcoma 180 and adenocarci- 
noma 755, with relatively low toxicity 
in comparison to its aglycone (3, 4). 
However, when MPG was administered 
orally, greater antitumor activity as well 
as increased toxicity were observed. 
These facts led to a study of the pos- 
sible occurrence of a thioglycosidase in 
the digestive tract of the mouse. 

Investigation showed the presence of 
such an enzyme, widely distributed in 
mammalian species and tissues, with sig- 
nificant activity in various rodent tu- 
mors (5). This was particularly sur- 
prising since enzyme preparations from 
animal sources, although they have 


Table 1. Activities of animal and plant thioglycosidases on purinyl thioglycosides. 
S—R: 





Ri Rez 


Activity 





Mam- 
malian 
thiogly- 
cosidase 


Almond 
emul- 
sin 


Myrosin 





B-p-Arabinopyranose 
o-L-Arabinopyranose 
B-p-Galactopyranose 
B-p-Glucopyranose* 
B-p-Glucopyranose 
B-p-Glucopyranose (sulfone) 
B-p-Glucopyranose 
6-p-Glucopyranose 


jeoBergaodes 


NH: 


H 
NHG}+ 
B-p-Glucopyranose H 


B-p-Glucofuranuronic acid* 
B-p-Glucopyranuronic acid* 
Lactose 
B-p-Mannopyranose 
a-L-Rhamnopyranose 
B-p-Ribopyranose 
2,3,4,6-Tetra-O-acetyl-B-p- 
glucopyranose 
2,3,4,6-Tetra-O-acetyl-B-p- 
glucopyranose (sulfone) 
B-p-Xylopyranose 


mmo Lene 


1+++i 
+ 
+++ 


jeoBeriss sas er Berga? 


B-p-Ribo- 
furanose + 


Tri-O-acetyl- 


a-D-ribo- 
furanose + 


+ 
ay Se 


mo mt otras 


Miscellaneous thioglycosides 


3-Chloro-6-6-p-glucothio- 
pyranosyl-pyridazine 

2-B-p-Glucothiopyranosyl- 
4-pyrimidine 

2,4-Dinitropheny] B-p- 
glucothiopyranoside 


- 4 


- + 





* These compounds were tested also as substrates for bacterial B-glucuronidase and were found to be in- 


active. | G =a second f’-p-glucopyranosyl group. 
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been shown to contain 6-glucosidase 
and 6-glucuronidase activity (6), attack 
neither the natural thioglycosides of 
black mustard (7) nor synthetic thio- 
glycosides (2, 8). No report of thio- 
glycosidase activity from animal sources 
has appeared heretofore, whereas plant 
enzymes capable of splitting the natural 
thioglycosides of plants have been known 
for many years. Thus, the mustard thio- 
glycosides sinigrin, sinalbin, and gluco- 
cheirolin are readily cleaved by the en- 
zyme myrosin (9). 

It has now been found that MPG is 
attacked not only by almond emulsin 
(1) but also by the thioglycosidase of 
the black mustard, Brassica nigra Koch, 
and by _ thioglycosidase preparations 
from a variety of animal species. 

Determination of thioglycosidase ac- 
tivity in the studies reported here (/0) 
was based on the marked differences be- 
tween the ultraviolet absorption char- 
acteristics of the purinyl thioglycoside 
substrates and their aglycone cleavage 
products—6-mercaptopurine (11), thio- 
guanine, and others. Tissues are readily 
assayed for thioglycosidase as follows: 
A 1:5 dilution of a tissue homogenate 
is prepared in saline at 0°C. One milli- 
liter of the homogenate is incubated at 
37°C for 3 hours with 5 mg of MPG 
at pH 5.8 (the optimum /H for thio- 
glycosidase) in acetate buffer in a total 
volume of 5 ml. The solution is freed 
of protein by trichloroacetic acid pre- 
cipitation, and the amount of 6-MP lib- 
erated by enzyme action is determined 
spectrophotometrically. 

By means of this procedure, the pres- 
ence of a thioglycoside-splitting enzyme 
has been demonstrated in every living 
species thus far examined, including 
man, dog, rat, mouse, pigeon, hog, and 
calf, and in the microorganisms Tetra- 
hymena pyriformis and Escherichia coli 
(12). 

Thioglycosidase activity was demon- 
strated in a number of transplantable 
animal tumors as follows (the numbers 
in parentheses describe enzyme activity 
in terms of micrograms of 6-MP liber- 
ated per gram of fresh tissue): sarcoma 
180, solid (840); sarcoma 180, ascites 

(0); sarcoma T241 (717); sarcoma MA 
387 (324); Ehrlich carcinoma, solid 
(585); Ehrlich carcinoma, ascites (0); 
Bashford carcinoma 63 (513); mammary 
adenocarcinoma E0771 (486); Miyono 
adenocarcinoma (500); bladder carci: 
noma, C57 black mouse (765); lung car 
cinoma, C57 black mouse (579); adeno: 
carcinoma 755 (678); Wagner osteogenic 
sarcoma (500); Mecca lymphosar 
coma (1188); Gardner lymphosarcoma 
(540); Harding-Passey mouse melanoma 
(500); Flexner-Jobling rat carcinoma 
(339); Walker carcinosarcoma 256 
(1476); Jensen rat sarcoma (432); and 
Murphy-Sturm rat lymphosarcoma (48). 
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A few samples of human malignancies 
have also been examined, and here too 
significant thioglycosidase activity was 
found. 

Some representative values for thio- 
glycosidase activities of normal mouse 
tissues are: small intestine, 5370; spleen, 
2895; liver, 2100; stomach, 1626. 

Mammalian thioglycosidase activity is 
inhibited by delta-gluconolactone at 
relatively high concentrations. Twenty- 
five-percent inhibition is produced at 
10-3M, and 50 percent, at 10-244. A num- 
ber of related compounds were studied 
as inhibitors, including p-glucurono-8- 
lactone, D-gluconic acid, p-galacturonic 
acid, p-galacturono-5-lactone, p-gulono- 
8-lactone, p-arabono-8-lactone, calcium- 
p-arabonate, isoascorbic acid, iso-inosi- 
tol, p-ribono-8-lactone, and p-glucohep- 
tono-5-lactone. Of these, all were in- 
active with the exception of p-galactono- 
8-lactone. Various other substances have 
been examined for activity on mamma- 
lian thioglycosidase [enzyme inhibition or 
no activity are indicated by (+) or (-), 
respectively]: HgCl, (+); NaN, (-); 
CuSO, (+); NaF (+) Na,SO, (+); 
H,O, (+); 2,4-dinitrophenol (+); 2,4- 
dinitrothiophenol (+); Na,AsO, (+); 
glutathione (-); H,S (-); cysteine 
(+); EDTA (-). 

Further studies of the properties of 
the enzyme and its substrate specificity 
were undertaken with acetone powders 
of mouse intestine, hog liver, and hog 
pancreas (which are quite similar in 
thioglycosidase activity). These may be 
stored for at least 15 weeks at — 10°C, 
after which time the activity slowly de- 
clines. The optimum fH curve is rather 
broad, with the maximum activity at 
about pH 5.8. The enzyme is sensitive 
to elevated temperatures, and heating 
for 5 minutes at 60°C results in a loss 
of 50 percent in activity; heating for 5 
minutes at 70°C causes almost total in- 
activation. The rate of hydrolysis de- 
creases with time; after about 3 hours 
under the conditions given above, the 
reaction finally ceases entirely, although 
excess enzyme and substrate are present, 
as shown by the fact that addition of 
either more substrate or more enzyme to 
the reaction mixture causes further hy- 
drolysis. However, the enzymatic hydrol- 
ysis is not inhibited by the hydrolysis 
products. 

A number of purine, pyrimidine, and 
other thioglycosides (13) have been ex- 
amined as substrates for the mammalian 
thioglycosidase. The results are sum- 
marized in Table 1. From these results, 
certain generalizations may be made. 
The active substrates include derivatives 
of p-glucose, p-galactose, L-arabinose, 
and p-xylose, while the p-arabinoside is 
virtually inactive. The essential con- 
figuration required for activity is that 
of B-pv-glucopyranose or f-p-galactopy- 
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ranose. The hydroxymethyl group of C-5 
may be replaced by —H, but replace- 
ment by —COOH (as in the thioglu- 
curonides) results in loss of activity. The 
6-purinyl structure is the most active 
aglycone found to date, but a rather 
wide range of aglycone variation is per- 
mitted, including purines, pyrimidines, 
and _ pyridazines. 

Thus, the enzyme appears to resemble 
the thioglycosidase enzymes previously 
found only in plants and is similar to 
the classical B-glucosidase found in 
plants and animals in the structural re- 
quirements for the glycosyl residue. Fur- 
thermore, both classes of enzymes are in- 
hibited by delta-gluconolactone (/4). 

When the presence of purinethiogly- 
cosidase at high levels of activity in 
tumors was first discovered, it was 
hoped that MPG might serve as a rela- 
tively nontoxic carrier of 6-MP, which 
thus would be released in situ in the 
tumor, and that the differential effect 
of 6-MP on tumors might thus be in- 
creased. The pharmacological proper- 
ties of MPG, its rapid clearance, and its 
poor cellular penetration (4) appear to 
interfere with the realization of this 
aim. Thus, to explain the significant 
antitumor effects of MPG and related 
compounds on the basis of tumor thio- 
glycosidase levels would appear to be 
premature at this point, for when MPG 
was administered intraperitoneally to 
the mouse, no evidence of cleavage to 
6-MP was observed in any tissue, in spite 
of the demonstrated presence of thio- 
glycosidase activity in nearly all mam- 
malian tissues. However, orally admin- 
istered MPG is rapidly hydrolyzed, 
liberating 6-MP in the gut. 

No clues to the occurrence of natural 
substrates for this thioglycosidase have 
yet been found. Its high level of activity 
and wide distribution are all the more 
puzzling since MPG appears to possess 
the optimal substrate configuration. 

Irvinc Goopman*, James R. Fouts}, 
Epwarp BreEsNicK, RosALIE MENEGAS, 

Gerorce H. Hitcuincs 
Wellcome Research Laboratories, 
Tuckahoe, New York 
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Learning Differences in Two 
Separated Lines of Mice 


Abstract. Significant differences in con- 
ditioning and response topography were 
obtained with two lines in C57BL/10 mice, 
suggesting the occurrence of a behavioral 
mutation. It is suggested that the two lines 
be classified as substrains. The two sub- 
strains would appear to be useful in ex- 
periments on the genetics of behavior. 


In the summer of 1957 while working 
at the Behavior Laboratory of the Roscoe 
B. Jackson Memorial Laboratory (1), I 
found that 150-day-old C57BL/10 mice 
had a significantly higher conditioning 
score than did equivalent mice tested 
the previous year in a different study 
(2). In trying to determine the cause 
of this difference, I noted that the mice 
used in 1957 had come from the colony 
at the Main Laboratory while the mice 
tested in 1956 had come from the Be- 
havior Laboratory. Mice from the Be- 
havior Laboratory colony which were 
150 days old were then tested and found 
to have a mean conditioning score very 
similar to the mean obtained the previ- 
ous year with the Behavior Laboratory 
animals. A number of 50-day-old mice 
were available from both laboratories 
and were also tested. The same phe- 
nomenon was obtained: the mean score 
of the Behavior Laboratory mice in 1957 
was not significantly different from that 
of the Behavior Laboratory mice tested 
in 1956, while the Main Laboratory ani- 
mals were again significantly better on 
the conditioning task. 

These findings suggested either that 
there had been some genetic change or 
that the environmental rearing condi- 
tions in the two laboratories were differ- 
ent enough to affect conditioning abil- 
ity differentially. To determine whether 
these differences were simply correlated 
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Table 1. Summary statistics on condition- 
ing of 50-day-old mice by year of testing, 
laboratory strain, and filial generation. 





X¥ Genera- 


Year s n ° 
tion 





Behavior Laboratory 
1956 1.80 2.30 10 sd 
1957 Be ty 2.23 6 Fo, Fos 
1958 1.45 1.13 11 Fe: 
Total 1.74 1.83 27 


Main Laboratory 
1957 4.21 1.93 14 Foz, Fs 
1958 4.44 1.51 9 Foo, Fa 


Total (4.30 1.76 23 





* Unknown. 


with place of rearing, pregnant mice 
from the Main Laboratory colony were 
brought to the Behavior Laboratory in 
the summer of 1958, and their offspring 
were reared and tested under the same 
environmental conditions as the Behav- 
ior Laboratory animals. Both groups 
were tested at 50 days of age. 

The conditioning procedure, described 
fully elsewhere (2), consisted essentially 
of presenting a 3-second buzzer which 
was always followed immediately by 1 
second of shock. Forty-one seconds later 
the buzzer-shock sequence was repeated. 
Ten such trials were given. The condi- 
tioned response was defined as any gross 
movement by the mouse during the in- 
terval that the buzzer was on. For each 
trial the animal received either a score 
of 0 for no response or a score of 1 for 
a conditioned response. Since the mouse 
could not make a conditioned response 
on the first trial, the maximum possible 
score was 9. Table 1 summarizes the 
pertinent statistics by year, laboratory 
strain, and filial generation. The mice 
from the Behavior Laboratory were all 
reared and tested there. The Main Lab- 
oratory mice in 1957 were reared there 
and then sent over to the Behavior Lab- 
oratory, where they were tested; in 1958 
they were reared and tested at the Be- 
havior Laboratory. Within each labora- 
tory strain the means do not differ sig- 
nificantly, while the mean difference be- 
tween laboratory strains is significant be- 
yond the .01 level. 

A further analysis of the 1958 data 
showed that the type of conditioned re- 
sponse differed between the strains. Of 
the 16 responses made by the Behavior 
Laboratory mice, 13 were runs and three 
were jumps. This finding is consistent 
with the results obtained in 1956 (2). 
However, of the 40 responses elicited by 
the Main Laboratory mice, 30 were 
jumps and ten were runs. 

The Behavior Laboratory and the 
Main Laboratory mice were separated 
in 1947 at F;,, and each strain has 
passed through approximately 30 gen- 
erations since then, during which time 
a mation is likely to have occurred 
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which could have caused the obtained 
behavioral differences. Since the strains 
have been apart for more than the 15 
to 20 generations of separated breeding 
which has been specified in the defini- 
tion of a substrain (3), it is evident that 
these two groups should be considered 
substrains. It is suggested that the Main 
Laboratory mice be designated C57BL/ 
10Jax, while the Behavior Laboratory 
mice maintained by J. P. Scott would 
continue to be called C57BL/10Sc. 

The results suggest that a behavioral 
mutation has occurred which affects 
learning capacity and response topogra- 
phy. Thus, these two substrains would 
appear to be useful for experiments on 
the genetics of behavior. Another impli- 
cation of these data is the important 
methodological consideration that, even 
when highly inbred animals are used, 
care should be taken to use as experi- 
mental subjects only animals which are 
closely related in terms of filial genera- 
tion (4). 

Victor H. DENENBERG 
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and Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine 
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10-Hydroxy-A?-Decenoic Acid, 
an Antibiotic Found in Royal Jelly 


Abstract. 10-Hydroxy-A*-decenoic acid, 
the major component of the lipide frac- 
tion of royal jelly, exhibits antibiotic ac- 
tivity against many bacteria and fungi. 
This fatty acid is less than one-fourth as 
active as penicillin against Micrococcus 
pyogenes and less than one-fifth as active 
as chlortetracycline against Escherichia 
coli. It also slows the growth rate of Neu- 
rospora sitophila and some unidentified 
molds. The salt of this compound is con- 
siderably less active than the free acid. 


The presence of antimicrobial activ- 
ity.in the royal jelly of the honey bee 
(Apis mellifera L.) has been known for 
20 years. McCleskey and Melampy (/) 
demonstrated that, although royal jelly 
inhibited the growth of both Gram-posi- 
tive and Gram-negative bacteria, it was 
about twice as effective against the 
Gram-positive organisms. More recent 
investigations (2) have shown that both 
royal jelly and its extracts exhibit anti- 





biotic activity against a variety of micro- 
organisms. Other investigators (3) have 
been unable to demonstrate antibacterial 
activity in royal jelly. This discrepancy 
may be explained by the fact that the 
various investigators have tested royal 
jelly samples of different ages and that 
the antibacterial activity of royal jelly 
diminishes with age (4). 

McCleskey and Melampy (1) showed 
that the antibacterial component of 
royal jelly was soluble in either acetone 
or alcohol and was present in concen- 
trates of the fatty acid and nonsaponi- 
fiable fraction. Abbott and French (5) 
suggested that a fatty acid was at least 
partially responsible for the ability of 
royal jelly to resist bacterial and fungal 
infestations. They further suggested that 
the high sugar content of royal jelly may 
also contribute to its ability to inhibit 
the growth of microorganisms. Frac- 
tionation of royal jelly in this laboratory 
has shown that its antibiotic properties 
result solely from the presence of an un- 
usual fatty acid, 10-hydroxy-A?-decenoic 
acid, isolated from royal jelly by Bute- 
nandt and Rembold (6) and more re- 
cently by Barker et al. (7), who reported 
little activity against bacteria and fungi. 

Royal jelly was collected from queen 
cells and immediately frozen (- 16°C), 
The frozen royal jelly (90 g) was lyo- 
philized, yielding a cream-colored pow- 
der (30 g) which inhibited the growth 
of Escherichia coli and Micrococcus 
pyogenes when tested by the paper disc 
method. The powder was then extracted 
for 72 hours with ethyl ether in order to 
remove the lipide components (2.9 g). 
The remaining powder was inactive 
against the test organisms, but the ether 
extract was active. The ethereal solution 
was extracted with 2N KOH. This alka- 
line extract was acidified with 0.1N 
H,SO,, and the free acids were ex- 
tracted from it with ethyl ether. Re- 
moval of the ether on a steam bath 
yielded a thick yellow gum (2.59 g). 
The neutral lipide fraction was inactive, 
proving that the antibiotic principle 
found in royal jelly is in the fatty acid 
fraction. 

The fatty acid fraction was dissolved 
in warm 50-percent ethyl alcohol and 
kept at - 10°C for 24 hours. The acid 
precipitated as thin white crystals which 
were collected and recrystallized from 
50-percent ethyl alcohol. The acid 
melted at 56° to 57°C. Carbon-hydrogen 
analyses indicated an empirical formula 
of C,,H,,O3. The infrared spectrum of 
the acid showed the presence of a hy- 
droxyl band at 2.97 w and an unsatura- 
tion band at 6.05 pw, which is character 
istic of a hydroxy-unsaturated acid. All 
data are in agreement for 10-hydroxy-A* 
decenoic acid. By means of a mixed 
melting point and an infrared compari- 
son with a pure sample of this acid (8), 
its structure was confirmed. 
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The pure acid was tested on strains of 
Escherichia coli and Micrococcus pyo- 
genes by incubating both organisms in 
antibiotic assay media fortified with 
serial dilutions of the acid. Comparison 
with penicillin (M. pyogenes) and chlor- 
tetracyclne (E. coli) indicated that this 
fatty acid was less than one-fourth as 
active as penicillin and less than one- 
fifth as active as chlortetracycline. In 
this procedure, the activity cannot be 
attributed solely to any change in pH 
produced by incorporating the acid into 
the medium, because each serial dilu- 
tion was adjusted to pH 6.7 after the 
substance was added. 

When 10-hydroxy-A?-decenoic acid was 
evaluated by the paper disc method, 
neither of these organisms was able to 
grow in the presence of an impregnated 
disc during a 14-day period. However, 
when the salt was tested by the same 
procedure, the activity was considerably 
less than that of the free acid. Conver- 
sion of the acid to the salt may explain 
why royal jelly loses its bactericidal ac- 
tivity when neutralized or made slightly 
alkaline (9). 

10-Hydroxy-A?-decenoic acid also in+ 
hibited the growth of Neurospora sito ph- 
ila as well as several unidentified molds. 
The antibiotic activity of this acid mer- 
its attention because it is active against 
both bacteria and fungi. ) 

Townsend et al. (10) reported that 
admixture of royal jelly with tumor cells 
before inoculation completely suppresses 
the development of a transplantable 
mouse leukemia and the formation of 
ascitic tumors in mice. Fractionation 
showed this antitumor activity arises 
from the main fatty acid of royal jelly: 
10-hydroxy-A?-decenoic acid. 

This growth inhibiting fatty acid is 
related to another natural product, the 
wound hormone of plants, traumatic 
acid (At-decene-1, 10-dicarboxylic acid) 
(11). Growth-inhibiting properties have 
also been demonstrated for other fatty 
acids (12), particularly for undecylenic 
acid against bacteria (13) and fungi 
(14). 

It is not surprising that royal jelly 
contains a substance inhibiting the 
growth of microorganisms, since it would 
otherwise be an excellent substrate for 
bacterial growth. The origin of this fatty 
acid in royal jelly is now being inves- 
tigated. 

Morray S. BLuM 
Entomology Research Department, 
Louisiana State University, 
Baton Rouge 

ArTHUR F. Novak 
Department of Agricultural 
Chemistry and Biochemistry, 
Louisiana State University 

STEPHEN Taser, III 
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Washington, D.C. 
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Inhibition of 
O-Methyltransferase by Catechol 
and Sensitization to Epinephrine 


Abstract. Catechol at equimolecular 
concentration inhibits the inactivation of 
adrenaline by O-methyltransferase in vitro 
about 50 percent. The inhibition is prob- 
ably responsible for the sensitization of 
smooth muscles to epinephrine by various 
ortho di- or triphenols. 


One of us (Z.M.B.) described in 
1936 a remarkable potentiation of the 
effects of epinephrine on various smooth 
muscles of the cat (nictitating mem- 
brane, spleen, uterus, blood vessels) 
after injection of catechol or pyrogallol, 
but not of resorcinol (1). 

The interpretation, at that time, was 
that the sensitizing phenols slowed down 
the oxidation of epinephrine by virtue 
of their well-known antioxidant action. 

A new interpretation becomes highly 


probable after the demonstration by 
Axelrod et al. that epinephrine is in- 
activated by an O-methyltransferase 
which methylates the phenolic OH in 
Position 3 (2). It seems that epinephrine 
is not a specific substrate, that other 
ortho-diphenols are also methylated by 
this enzyme. Thus, logically, catechol 
might sensitize in vivo by competitive 
inhibition of the methyltransferase. 

The following simple test strongly sug- 
gests that such an inhibition occurs in 
vitro. In the reaction studied by Axelrod, 
the methyl donor is S-adenosylmethio- 
nine—that is, methionine activated by 
adenosine triphosphate (ATP). We have 
prepared a solution of enzymes contain- 
ing the methyltransferase and the me- 
thionine-activating enzyme by precipi- 
tating a particle-free supernatant of rat 
liver homogenate (1 hour at 105,000 g) 
with ammonium sulfate (90 percent 
saturation) and dissolving the precipi- 
tate in KHCO,. This solution, in the 
presence of a sufficiently high concentra- 
tion of methionine and ATP, inactivates 
epinephrine. 

The conditions are as follows: 0.6 to 
0.4 umole of adrenaline is incubated at 
37°C for 45 minutes with 1 ml of the 
enzyme solution, in the presence of 
MgCl, (10 umole/ml) in phosphate 
buffer (pH 7.6) (100 umole/ml). The 
final volume is 2 ml. The quantities of 
ATP and methionine necessary to in- 
activate 70 percent of the epinephrine 
are about 10 umole each; greater quan- 
tities do not increase the percentage of 
inactivation and interfere with biological 
titration. After incubation, proteins are 
precipitated by trichloracetic acid (5 
percent) and centrifuged. Epinephrine 
is titrated by fluorescence (3) and by its 
action on the blood pressure and nicti- 
tating membrane in the cocainized cat. 

During incubation, part of the epi- 
nephrine is inactivated, probably by 
auto-oxidation. If one adds an equimo- 
lecular amount of catechol to the sys- 
tem, the percentage of enzymatic inac- 


Table 1. Influence of catechol on the inactivation of epinephrine by incubation with 
soluble enzymes of rat liver in the presence of ATP and methionine. 





Experimental conditions 


After incubation 








Tube Epine- Catechol ppt Fluores- Epine- Inac ti- 
No. phrine Cviate) nine cence phrine vation 
(umole) (umole) (%) (umole/ml) (%) 
1 0.4 61.5 0.08 0 
2 0.4 10 18.5 0.024 71 
3 0.4 = 
4 0.4 10 4 
5 0.4 0.4 62.5 0.081 0 
6 0.4 0.4 10 36 0.047 42 
7 0.8 2 
8 0.4 0.8 58 0.075 yA 
9 0.4 0.8 10 53 0.069 15 





453 








tivation falls from 71 to 42 percent; 
with double the concentration of cate- 
chol, only 15 percent of the epinephrine 
is inactivated (Table 1). Neither ATP 
nor catechol interferes with chemical 
titration; ATP interferes with biological 
titration only at high doses. Biological 
tests have confirmed the results obtained 
with the fluorescence method. 

Many plant phenolics with a catechol 
nucleus sensitize smooth muscle to epi- 
nephrine (4); inhibition of methyl- 
transferase is probably the responsible 
mechanism. 

The facts (i) that, in vivo, iproniazid 
or any inhibitor of amino oxidase does 
not sensitize to epinephrine or adren- 
ergic nerve stimulation and (ii) that in- 
hibitors of O-methyltransferase do sensi- 
tize in vivo are powerful arguments in 
favor of the opinion that methyltrans- 
ferase (and not amino oxidase) is the 
enzyme which normally inactivates the 
bulk of catecholamines in mammals (see 
3). 

ZENON M. Bacg, Luc GossELIn, 
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Prolactin, a Factor in Promoting 
Survival of Hypophysectomized 
Killifish in Fresh Water 


Abstract. The naturally occurring corti- 
costeroids, cortisol and aldosterone, failed 
to promote survival of hypophysectomized 
Fundulus heteroclitus in fresh water. Ex- 
tracts of Fundulus interrenal tissue, carp 
corpuscles of Stannius, and hog renin were 
ineffective. Injection of whole rat-pitui- 
tary brei was partially successful. Highly 
purified prolactin maintained survival, al- 
though the recipients did not eat normally. 
A synergic action of prolactin with some 
unidentified pituitary hormone is sus- 
pected. 


Burden (/) showed that the hypo- 
physectomized and normally euryhaline 
killifish, Fundulus heteroclitus, is unable 
to survive in fresh water. Death results 
from progressive asthenia, correlated 
with hypochloremia, which becomes se- 
vere after 6 to 7 days at 15° to 17°C. 
Replacement therapy with Fundulus 
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pituitary brei was completely successful; 
perch pituitary was partially effective, 
but pollack pituitary gave negative re- 
sults. Mammalian pituitary hormones 
(TSH, ACTH GH, and posterior lobe 
powder) were ineffective. Lack of par- 
ticipation of the thyroid was confirmed 
by administration of thyroxin. More re- 
cently, Harris (2) found that hypothy- 
roidism, resulting from treatment with 
[131, had no detrimental effect on the 
survival or blood chloride levels of this 
species in fresh water. Burden suggested 
that a special agent, regulating adapta- 
tion to fresh water, was present in the pi- 
tuitary of teleosts living in this medium. 

In Burden’s experiments lack of par- 
ticipation of the adrenal, indicated by 
failure of natural stimulation with exog- 
enous ACTH, was partially confirmed 
by negative results with DOCA. Recent 
studies by one of us (3) showed that the 
circulating glucocorticoid of Fundulus is 
cortisol. Moreover, incubation of the 
head kidney, containing the adrenocor- 
tical (interrenal) tissue, with tritiated 
progesterone results in the synthesis not 
only of cortisol but also of other steroids, 
including aldosterone (4). An investi- 
gation was therefore undertaken to study 
the possible participation of these natu- 
ral steroids in the survival of killifish in 
fresh water. 

Hypophysectomized fish, pretested for 
failure to withstand fresh water, were 
rescued at the onset of severe symptoms 
and allowed to recover in salt water. 
Each experimental group contained four 
such fish. Hormones or extracts dissolved 
in 0.6-percent NaCl were administered 
by intraperitoneal injection on alternate 
days, at constant volume (0.01 ml/g 
wt. of fish). The temperature was 15° 
to 16°C except at the higher dose of 
cortisol, which was tested at 20°C. It 
was noted that failure in fresh water is 
accelerated at the higher temperature. 
Negative results were obtained with cor- 
tisol (2.5 and 0.0025 ug/g wt.), aldo- 
sterone (24 and 2.4 wug/wt.) and ex- 
tracts of right and left head kidney of 
Fundulus [20 mg (wet wt.) /g wt.] The 
lower doses of cortisol and aldosterone 
were considered to be at physiological 
levels. The right head kidney contains 
the major part of the adrenal tissue in 
this species (5). 

These results, and those of Burden, in- 
dicate that the adrenal plays no direct 
role in regulating survival of Fundulus 
in fresh water. This is in accordance with 
recent work of Holmes (6), who found 
that in rainbow trout cortical steroids 
promoted renal salt retention, under a 
salt load, but that this effect was offset 
by an enhanced loss of salt through the 
gills and inhibited re-uptake. Different 
results have been reported, however, for 
the goldfish (7). 

Other hormones that might be con- 





cerned with teleostean osmoregulation 
were considered. The gonadotropins and 
sex steroids can presumably be excluded, 
since fish of either sex, juvenile, mature, 
or in seasonal regression, can move freely 
from salt to fresh water. On the other 
hand, the corpuscles of Stannius may 
play some role in osmoregulation (8), 
although there is no evidence that these 
glands are regulated by the pituitary 
(5); however, a brei of carp corpuscles 
of Stannius [1 mg (wet wt.)/g wt] 
gave negative results. Renin, said to be 
present in the kidneys of fresh-water but 
not in those of marine teleosts (9), was 
tested at two dosages (50 ug/g wt. 
on alternate days; 5 ug/g wt. daily) 
without beneficial action. 

The possible participation of an un- 
identified mammalian hypophysial hor- 
mone was tested with whole rat-pituitary 
brei [1 mg (wet wt.)/g wt.]: two fish 
out of four survived for 20 days but re- 
fused to eat, and neither recovered in 
salt water. 

Prolactin, which is known to be pres- 
ent in the teleostean hypophysis (0) 
and which initiates the “water drive” in 
efts of Triturus (11), was tested (10 ug/g 
wt.) with unexpectedly successful re- 
sults. All four recipients survived for 20 
days and remained lively, although they 
ate little. A combination of prolactin 
with some other pituitary hormone may 
be necessary for complete adaptation to 
fresh water, and investigations of this 
aspect of the problem are in progress. 
The synergic action of prolactin is well 
known in mammalian endocrinology, 
and its function in potentiating the 
melanophore-proliferating effect of in- 
termedin in Fundulus has been estab- 
lished (12). The ineffectiveness of pol- 
lack pituitary brei, reported by Burden, 
may be correlated with the low prolactin 
content of this material (/0). Rat pitui- 
tary, on the other hand, evidently, con- 
tains sufficient prolactin to be partially 
effective (13). 

Grace E. PickFrorp 
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Differentiation of Activity of 
Three Mouse Strains with 
Magnetic Pickup Apparatus 

Abstract. An activity pickup, when used 
with a high-gain amplifier, permits records 
to be made of essentially all the activity 
of a mouse. The sensitivity is such that 
the differences in the activity patterns of 
strains of mice can be determined. 


When the activity of small animals is 
appraised, the animal is usually required 


to cause movement of a relatively large: 


mass, most commonly a pan or an entire 
cage, which is then connected to a re- 
cording device of some sort (J). Prob- 
lems frequently encountered in such ap- 
paratus are incomplete recording of ac- 
tivity, artifacts due to resonance, and 
feedback to the animal due to pan or 
cage inertia and noise in the recording 
apparatus. 

The apparatus described in this report 
(2) apparently circumvents all these 
difficulties. The activity pickup employs 
the principle of movements of a small 
iron plate which induces electric current 
in a coil with a bar inagnet core. The 
currents thus produced are amplified 
electronically and recorded as activity. 

Figure 1 shows the apparatus sche- 
matically. Movements of the mouse or 
other small animal cause micromove- 
ments of the galvanized iron plate A. 
Magnetic lines of force flowing between 
the poles of the magnet NS are altered 
by the movement of the plate, and thus 
current proportional to the movement is 
induced in the windings; the current is 
fed (C) to a preamplifier, amplifier, 
and recorder. Specifications are as fol- 
lows: A, galvanized iron plate, 22 gauge, 
3 by 4 in.; B, latex tubing, % in., 4 in. 
I.D., cemented to the plate by rubber- 
to-metal cement. NS, 3-in. bar magnet 
wound with one layer of magnet wire. 
The specifications are for a mouse ap- 
paratus; with slight changes the appa- 
ratus could be adapted to larger or 
smaller animals. A Grass EEG machine 
was used for amplification and record- 
ing. 

The plate is doubly damped, by the 
latex tubing and the attraction of the 
magnet, and resonance is kept to a mini- 
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mum without friction. Use of larger 
plates tended to cause resonance. Three 
such plates were used, the leads being 
connected in parallel. For multiple- 
plate recording, adjacent magnets should 
be arranged with like polarity (or repul- 
sion) for maximum sensitivity. Clear 
plastic walls of dimensions that allow 
1/16-in. clearance of the plates act as 
the cage and permit observation of the 
mouse. All exposed wire is covered with 
rubber tubing to protect it from urine. 
The plate is built up to allow 1-in. 
clearance between the magnet and the 
plate. The apparatus is mounted on 
firmly damped %-in. mesh screening 
material. 

Sensitivity is such that virtually all 
activity can be recorded, from shaking 
and trembling to running and jumping. 
Artifacts appear to be minimal or ab- 
sent. On the records obtained, activity 
resolves into three major components: 
(i) large discrete deflections, correlated 
with jumping, jerking, and sudden 
movements in general; (ii) moderate, 
continuous deflections, correlated with 
walking, shaking, trembling, and scratch- 
ing; (iii) quiet periods. 

Figure 2 shows representative records 
of three mouse strains. Ten male mice 
were tested in each strain, and the ac- 
tivity patterns illustrated are character- 
istic for the given strains. The top record 
is of Peromyscus gracilis, a wild mouse 
exhibiting much running and jumping 
behavior. The middle line shows activ- 
ity of strain C57BL/6, an aggressive, 
fighting mouse, which is characterized 
by many sudden movements with a mod- 
erate amount of continuous activity. 
Strain A/JAX, a standard laboratory 








Fig. 1. Schematic representation of pickup 
apparatus. 
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Fig. 2. Records of characteristic activity 
patterns of three different strains of male 
mice: (top) Peromyscus gracilis; (mid- 


dle) C57BL/6; (bottom) A/JAX. 


albino, shows less activity of all kinds 
than the other two strains. 

The sensitivity of the activity pickup 
apparatus described suggests possible ap- 
plication in psychopharmacological stud- 
ies, 

Wa ter G. MircHELi* 
Hamilton Station, Roscoe B. Jackson 
Memerial Laboratory, 
Bar Harbor, Maine 
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Tartaric Acid Metabolism of 
Neurospora crassa 


Abstract. The growth of wild type 
Neurospora crassa is stimulated by various 
organic acids including tartaric, tartronic, 
and mesoxalic acids. Evidence is presented 
that this organism converts d- or /-tartaric 
acid to tartronic and mesoxalic acid, ptob- 
ably by fixation of COx. 


The function of tartaric acid has been 
a biochemical enigma since Pasteur in- 
itiated research on this substance. Re- 
cently its metabolism by several organ- 
isms or tissues has been reported with 
varying results. Cleland and Johnson 
(1) find that it is converted quantita- 
tively to oxalate by Aspergillus niger. 
Nomura and Sakaguchi (2) find that 
the principal product is succinate with 
Pseudomonas incognita, while Kun and 
Hernandez (3) propose that, with ani- 
mal mitochondria, the first product is 
oxaloglycolic acid which can then be 
converted to a number of products, in- 
cluding diketosuccinic acid and glyoxy- 
lic acid. When, therefore, we found that 
Neurospora crassa is stimulated by tar- 
trate as well as by several other organic 
acids, we made an effort to determine 
the mechanism of this stimulation and 
the fate of the tartrate. 

Conidia were taken from cultures ot 
Neurospora crassa, strain 74A (wild 
type), grown on minimal medium (4) 
with 2 percent (wt./vol.) sucrose and 
1.5 percent (wt./vol.) agar. Aliquots 
were inoculated into 20-ml portions of 
Westergaard-Mitchell medium (5) con- 
taining 2 percent (wt./vol.) sucrose and 
supplements. Pads were harvested after 
72 hours, dried, and weighed. 

Among the organic acids which were 


455 









found stimulatory were tartaric, mes- 
oxalic, and tartronic acids, and all the 
acids of the citric acid cycle that were 
tested. It was thought possible that tar- 
trate might be decarboxylated to tar- 
tronate and the latter oxidized to mes- 
oxalate, as has been observed in other 
organisms (6). Fresh mycelial pads, 
grown in 10 mM tartrate, were shaken 
in 0.1 M phosphate buffer of pH 5.0, 
alone or with 10 mM tartrate, tartron- 
ate, or mesoxalate, for. up to 5 hours. 
The buffer was exhauétively extracted 
with ether, and the organic acids were 


Table 1. Adaptation of Neurospora crassa 
strain 74A to various organic acids. Co- 
nidia were inoculated into 20 ml of West- 
ergaard-Mitchell medium containing 2 
mM of the “initial” acids indicated be- 
low. After 24.5 hours, 0.2 ml of a pH-5.5 
aseptic solution of other acid was added 
(or in the case of “None,” 0.2 ml of sterile 
water). Mycelium was dried and weighed 
after 3 days’ growth. Weights reported 
are averages of four replicates. 








ong ee Bole A a. 
alter 24. r (mg) eviation 
Initial acid: d-Tartrate 
None 33.1 0.2 
Malate 41.6 0.3 
d-Tartrate 47.5* 1:2 
l-Tartrate 47,5* 0.0 
meso-Tartrate 41.4 0.0 
Tartronate 47.7* 0.4 
Mesoxalate 48.2* 0.9 
Initial acid: \-Tartrate 
None 34.5 0.6 
Malate 41.6 1.0 
d-Tartrate 50.1* 0.1 
l-Tartrate 47.8* 1.7 
meso-Tartrate 46.5* 1.0 
Tartronate 48.7* 0.4 
Mesoxalate 49.8* 1.0 


Initial acid: meso-T artrate 


None 33.6 0.0 
Malate 44.3 0.9 
d-Tartrate 49.6 1.6 
l-Tartrate 46.7 $.1 
meso-T artrate 46.1 1.2 
Tartronate 54.3 3.6 
Mesoxalate 48.2 “Bk 
Initial acid: Tartronate 
None 38.1 0.5 
Malate 42.4 0.8 
d-Tartrate 40.4 0.5 
l-Tartrate 42.2 0.8 
meso-Tartrate 38.1 1.6 
Tartronate 48.1* 0.2 
Mesoxalate 47,.2* 0.8 
Initial acid: Mesoxalate 
None 36.0 1.2 
Malate 41.0 0.9 
d-Tartrate 41.5 0.1 
l-Tartrate 41.1 0.1 
meso-Tartrate 42.2 0.1 
Tartronate 43.3 0.8 
Mesoxalate 48.5* 1.9 





* Weight significantly greater than that obtained 
by adding malate after 24.5 hr (adapted response). 
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chromatographed with three different 
solvents. When the pad was shaken with 
buffer alone, only citrate appeared in the 
extract. When it was shaken with d-tar- 
trate, then citrate, tartrate, tartronate, 
and mesoxalate appeared. When it was 
exposed to tartronate; citrate, tartronate 
and mesoxalate appeared on the chro- 
matograms, and when it was shaken with 
mesoxalate, only citrate and mesoxalate 
could be detected. 

This hypothesis was also checked by 
using Stanier’s theory of simultaneous 
adaptation (7). If the enzymes involved 
in the utilization or conversion of tar- 
trate, tartronate, or mesoxalate are adap- 
tive in character, then a culture adapted 
by previous exposure to one of these 
compounds should give a more vigorous 
response to subsequent addition of this 
organic acid than an organism not so 
preadapted. Furthermore, if the organ- 
ism has, for instance, the capacity to 
convert tartrate to tartronate, then a 
previous exposure to tartrate should 
adapt it to tartronate. If it does not 
have this capacity, then previous expo- 
sure to tartrate would not be expected 
to increase the magnitude of its response 
to tartronate. 

Strain 74A was grown for 1 day in 
the presence of 2 mM concentration of 
an organic acid. After this, further or- 
ganic acid was added in 6 mM concen- 
tration, and the dry weight attained after 
3 days was assayed. An adapted response 
was defined as the growth attained when 
the same acid was added as was initially 
present. If the growth attained was sig- 
nificantly below this value, that was con- 
sidered an unadapted response. The re- 
sults appear in Table 1. 

The results indicate that when Neuro- 
Spora crassa was exposed to d- or /-tar- 
trate, it was adapted to d-tartrate, 
l-tartrate, tartronate, mesoxalate, and 
possibly to meso-tartrate (results obtained 
with meso-tartrate were more variable 
than with the other acids). When ex- 
posed to tartronate, this strain was 
adapted to tartronate and mesoxalate 
and to none of the others. Neurospora 
exposed to mesoxalate was adapted only 
to mesoxalate. The results obtained by 
exposing initially to meso-tartrate seem 
best explained on the basis that the or- 
ganism was not thus adapted to any or- 
ganic acid, including meso-tartrate itself. 
Malate was introduced as an acid to 
which the organism might be expected 
not to become adapted by exposure to 
any of the other acids used. 

Fresh mycelium was shaken with 
tartrate and pH-5 buffer in a Warburg 
apparatus with the results shown in Fig. 
1. The CO, output was reduced by 3.8 
umole, 2 mole/mole of tartrate, the 
same results being obtained with d- and 
l-tartrate, and with fresh mycelium and 
mycelium which had been soaked in 
acetone and dried. meso-Tartrate had 
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Fig. 1. Effect of d-tartaric acid on the 
respiration of Neurospora crassa. All flasks 
contained fresh mycelium and 0.1M phos- 
phate buffer at pH 5.0. Flasks 2 and 4 
contained 20 percent NaOH to absorb 
the CO, evolved. Flasks 3 and 4 contained 
0.7 ml 2.8 mM d-tartrate (1.9 pmole). 
The results have been corrected to con- 
stant mycelial weight. The difference be- 
tween the COs evolved by flasks 3 and 4 
is 3.8 umole and was constant for the last 
75 minutes of the experiment. 


no significant effect on CO, output or 
O, consumption. These results suggest 
that tartrate is converted to mesoxalate 
and tartronate by the following mecha- 
nism: 


HOOC—CHOH—CHOH—COOH + 
2CO. > HOOC—CO—COOH + 
HOOC—CHOH—COOH 


and that tartronate is oxidized to mes- 
oxalate: 


HOOC—CHOH—COOH + ¥2 (Os) => 
HOOC—CO—COOH + H:O 


An investigation of the possible 
mechanism of stimulation of growth in 
Neurospora crassa by tartronate and 
mesoxalate was also made (9). 

S. W. Bowne, Jr.* 
Eastern Washington College of 
Education, Cheney 
ApriAN M. Srs 
Plant Breeding Department, 
Cornell University, Ithaca, New York 
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Meetings 
Allergen Standardization 


More than 30 of the nation’s top re- 
search immunologists participated in a 
one-day scientific conference on the 
problem of allergen standardization, held 
at the National Institutes of Health on 
13 June. The participating scientists 
reached general agreement on a con- 
crete program which, it is hoped, will 
eventually provide model systems for 
the purification of ragweed pollen and 
other allergens. 

For three decades, allergen standard- 
ization has been singled out as the most 
important consideration in the field of 
clinical allergy. Most authorities in the 
field agree that the scientific investigator 
must be provided with allergenic prod- 
ucts meeting rigid norms of potency, 
purity, and specificity before substantial 
progress can be made in this area of im- 
munological research. At the present 
time, investigators are frequently unable 
to test for specific irritants, since most 
allergenic extracts are crude prepara- 
tions composed of several components 
presumably related to the specific sensi- 
tization under investigation. 

Aware that newer purification tech- 
niques promise progress toward a solu- 
tion of the problem, the National Ad- 
visory Allergy and Infectious Disease 
Council of the National Institutes of 
Health last year appointed an ad hoc 
committee to assess present activities in 
this area and to consider future plans. 
Members included Jules Freund, Na- 
tional Institute of Allergy and Infec- 
tious Diseases; Dan Campbell, Cali- 
fornia Institute of Technology; Merrill 
Chase, the Rockefeller Institute for 
Medical Research; Bram Rose, McGill 
University, Montreal; William Sherman, 
Columbia University; Roderick Murray, 
director, Division of Biologics Stand- 
ards, National Institutes of Health; Irvin 
Kerlan, Food and Drug Administration; 
and Harry Alexander, emeritus profes- 
sor, Washington University, St. Louis 
(chairman of the committee). 

At a meeting held in November 1958, 
the members learned that three investi- 
gators—A. R. Goldfarb, of the Chicago 
Medical School; Bram Rose; and Einer 
Hammarsten of the Karolinska Institute, 
Stockholm—employing dissimilar chem- 
icophysical methods and working inde- 
pendently, had obtained highly purified 
and potent fractions of ragweed pollen, 
the most important single allergen in 
this country. These fractions, although 
not yet compared, were presumed to be 

similar in constitution. As a result, the 
committee recommended to the council 
that funds be provided to interested sci- 
entific investigators for characterizing 
and comparing the three products to 
determine whether or not they were 
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equivalent and, if possible, to create a 
template for future investigations of 
other allergens. 

The council then established a perma- 
nent committee under the chairmanship 
of Campbell, who was authorized to ex- 
pand its base to include representatives 
of other government agencies and of 
industry when the program reached the 
proper stage of development. 

The recent conference held under the 
auspices of the council provided a forum 
at which the scientists were able to re- 
examine the unsolved elements of the 
problem and develop a definite course 





of action in several specific areas. As one 
of the primary areas, the immunochem- 
ical identification of ragweed pollens 
was assigned to a task force under the 
direction of Chase. The several chemists 
who have fractionated this pollen agreed 
that their respective methods should be 
repeated by others to assure reproduci- 
bility. Previously, steps had been taken 
by the committee to assure availability 
of the pollen to the participating chem- 
ists. 

Rose will head the serological and 
biological testing phase of the program 
and explore the possibilities of biolog- 
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ical testing systems as soon as character- 
ized active fractions are available. Sher- 
man was assigned direction of the future 
clinical testing phase of the purified 
fractions. 

Dan H. CAMPBELL 
Gates and Crellin Laboratories 
of Chemistry, California Institute 
of Technology, Pasadena 


Instrument-Automation Conference 


Programs for 60 technical sessions 
have been arranged for the 14th annual 
Instrument-Automation Conference and 
Exhibit of the Instrument Society of 
America that will take place in Chicago, 
21-25 September. The total number of 
sessions sets a new ISA conference 
record. 

While the nearly 200 presentations 
will cover virtually the entire range of 
recent developments in instrumentation 
for science and technology, more con- 
ference time has been assigned to prob- 
lems of computer control for industrial 
processes than to any other subject. 

Arrangements have been made through 
the International Federation for Auto- 
matic Control for sessions on instrumen- 
tation developments abroad. Technical 
sessions will be held in the Palmer House 
and the Hotel Morrison, and some 350 
exhibits will be shown in the Chicago 
International Amphitheatre. 


Clinical Chemists 


The American Association of Clinical 
Chemists will hold its 11th annual meet- 
ing at Western Reserve University, 27- 
29 August. Some 58 papers will be pre- 
sented, and two symposia are scheduled. 
The first will be on the spectrophoto- 
metric method of analysis (visible, ultra- 
violet, and fluorometric) and the second 
will be a discussion of the professional 
status of clinical chemists. Information 
may be obtained from D. J. Waide 
Price, Institute of Pathology, Western 
Reserve University, 2065 Adelbert Rd., 
Cleveland 6, Ohio. 


Nonspecific Resistance 


Fort Detrick, in Frederick, Md., will 
sponsor a symposium on nonspecific re- 
sistance to infection on 16 and 17 Sep- 
tember. The conference, which is being 
arranged in cooperation with the Amer- 
ican Institute of Biological Sciences, 
will be held at Hood College, Frederick. 

An international representation of spe- 
cialists in this field of research will sum- 
marize their views. Visitors from abroad 
will include Henry Harris, Sir William 
Dunn School of Pathology, University of 
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Oxford, Oxford, England; Derrick Row- 
ley, Wright-Fleming Institute of Micro- 
biology, St. Marys Hospital, London, 
England; and David W. Henderson, Mi- 
crobiological Research Establishment, 
Porton, Wiltshire, England. The pro- 
gram was organized by the conference 
chairman, Colin M. MacLeod of the 
University of Pennsylvania, together 
with Ivan L. Bennett, Jr., and Leighton 
E. Cluff, of Johns Hopkins University, 
René J. Dubos of the Rockefeller Insti- 
tute for Medical Research, and Harold 
N. Glassman, assistant scientific direc- 
tor at Fort Detrick. 

The proceedings will be published, 
with individual chapters somewhat ex- 
panded beyond the verbal presentations. 
Cluff will prepare a synthesis of the dis- 
cussion from the floor and, in a fore- 
word to the published volume, MacLeod 
will give his views on the implications 
of the symposium for future research. 


Chemical Engineers 


The 41st national meeting of the 
American Institute of Chemical Engi- 
neers will be held at the Hotel St. Paul, 
St. Paul, Minn., 27-30 September. Some 
2000 participants are expected. 

General chairman is W. M. Poda, 
Economics Laboratory, St. Paul. The 
technical program is being arranged by 
A. J. Madden, Jr., of the Institute of 
Technology, University of Minnesota. 
The program will include sessions on 
research, new product development, 
chemical warfare, safety, missile con- 
struction materials, and chemical eco- 
nomics as a unit process. A student pro- 
gram is being prepared by W. E. Ranz 
and H. S. Isbin of the University of Min- 


nesota. 


Forthcoming Events 
September 


14-18. American Dental Assoc., New 
York, N.Y. (H. Hillenbrand, 222 E. Su- 
perior St., Chicago 11, Til.) 

14-19. High Energy Accelerators and 
Instrumentation, intern. conf., Geneva, 
Switzerland. (Conference Secretariat, 
CERN, Geneva 23.) 

14-19. Treatment of Waste Waters, 
symp., Newcastle upon Tyne, England. 
(Wastes Symposium, Public Health En- 
gineering Section, Dept. of Civil Engi- 
neering, King’s College, Newcastle upon 
Tyne, 2.) 

18-21, European League against Rheu- 
matism, cong., Istanbul, Turkey. (H. 
Kocas, Medical School, Ankara, Turkey. ) 

18-25. International Council for Phi- 
losophy and Humanistic Studies (5th 
meeting of the general assembly), Ann 
Arbor, Mich. (ICPHS, 19, avenue Kleber, 
Paris 16°, France.) 

19-22. Planning of Science, intern. 
symp., Prague, Czechoslovakia. (Secre- 
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Tullamore Model PHA-120 100-Channel 


Pulse Height Analyzer with 20-Channel Storage. 


PULSE HEIGHT ANALYZER 


axing Le channel prtce. 

The Tullamore PHA-120 Analyzer—by Victoreen— 
is one of the most practical instruments available for 
low or moderate counting rate spectrometry. Features 
include uniform channel widths without adjustments 
.. . coverage of 100 channels in five steps. . . exact 
alignment of end channels in groups .. . no data dis- 
tortion up to 6000 cpm per channel . . . price that is 
as low as many single-channel instruments. 


AA-9737 


The Victoreen Instrument Company 
5806 Hough Avenue ¢ Cleveland 3, Ohio 
WORLD'S FIRST NUCLEAR COMPANY 
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tary, Intern. Symp. on Planning of Sci- 
ence, Gorkho Manesti 23, Prague 3.) 

19-26. American College of Gastro- 
enterology, Los Angeles, Calif. (D. Weiss, 
33 W. 60 St., New York 23.) 

20-25. Biological Standardization, 5th 
intern., Lyon, France. (C. Merieux, 17, 
rue Bourgelat, Lyon.) 

21-24. International Dental Federa- 
tion, 47th annual, New York, N.Y. (IDF, 
35 Devonshire Pl., London W.1.) f 

21-25. Instrument-Automation Conf., 
14th annual, Chicago, Ill. (R. T. Devore, 
Instrument Soc. of America, 313 Sixth 
Ave., Pittsburgh, Pa. ) 

21—26. Mother-Infant Interaction and 
Its Relation to Mental Health, Ciba 
Foundation symp. (by invitation), Lon- 


don, England. (G. E. W. Wolstenholme, 
Ciba Foundation, 41 Portland Pl., Lon- 
don, W.1.) 

21-28. Biology of Sardines (FAO 
world meeting), Rome, Italy. (FAO, 
Viale delle Terme di Caracalla, Rome.) 

21-3. Permanent Intern. Assoc. of Road 
Congresses, quadrennial congress, Rio de 
Janeiro, Brazil. (PIARC, 43, Avenue du 
President Wilson, Paris 16°, France.) 

22-24. Some Aspects of Magnetism, 
conf., Sheffield, England. (Conference 
Secretary, Inst. of Physics, 47 Belgrave 
Sq., London, $.W.1, England. ) 

22-25. American Roentgen Ray Soc., 
Cincinnati, Ohio. (C. A. Good, Mayo 
Clinic, Rochester, Minn. ) 

22-26. Cancer Cytology, intern. conf., 


Opening a new approach to the 


MEASUREMENT OF MASS! 


Make micro weighings any place, 
any time, easily, quickly, accurately 

unaffected by temperature 
change, leveling or vibrations .. . 


with the 


CAHN 





“ELECTROBALANCE” 


The Cahn microbalance is a battery operated, 
closed case instrument employing electromagnetic 
principles. Its ease and convenience for small 
cample weighing is extremely useful in direct 
veighing of milligram or microgram samples, for 
the KBr pellet technique in infra red work, for 
d.c. arc hollow electrode techniques in emission 
spectroscopy and in the direct preparation of 
solutions for ultra-violet spectrophotometry. In 
medical research, samples from fractions, chroma- 
t.grams, tissues, etc., can be weighed. Steriliza- 
ticn and decontamination are no bother as pans 
cre discs of aluminum and are disposable or 
reusable. 


In use, the pan, calibrating mass and the sample 
weights are successively balanced by controlling 


current through the precision torque motor. 
The beam is balanced with the balance control. 
The galvanometer is brought to null positions 
with the mass dial from which the mass is then 
read directly. Electrical balancing transfers re- 
sponsibility for precision from sensitive mechani- 
cal parts to a sealed precision potentiometer. 
Operations require 20-30 seconds. 


Precision is + 0.02% of full scale and accuracy 
about + 0.05% of full scale on each of balance’s 
five ranges. Accuracy on the lower two ranges is 
within the tolerance of class M weights. The three 
lowest ranges are selected electrically, while the 
0.50 milligram range requires addition of second 
stirrup and pan closer to axis of balance-arm 
plus a counterweight in the first pan. 








RANGES _ SENSITIVITY ACCURACY 

0- 5MG. 1 Microgram 2.5 Micrograms 
0- 10MG. 2 Micrograms 5.0 Micrograms 
0- 20MG. 5Micrograms 12.0 Micrograms 
0- 50MG. 8Micrograms 30.0 Micrograms 
0-100 MG. 25 Micrograms 100.0 Micrograms 


Cat. No. S-15005 Balance, Micro, Cahn Electro- 
balance Complete with batteries, two Nichrome 
stirrups, plastic tipped tweezers, 10 aluminum-foil 
pans, A 3.2 Mg. counterweight, and set of 5, 10, 
20 and 50 Mg. Class M calibration weights. 

Ea. $615.00 


Cat. No. $-15000 Balance, Micro, Cahn Range 
Selector Electrobalance Like No. S-15005 but 
with graduated range selector switch and with full- 
scale ranges from 0-1 to 0-100 Mg. Ea. $695.00 


$-15006 Stirrups, Spare .. Pkg. of three $17.50 
$-15007 Pans, Aluminum, Replacement 
Per 20 $ 4.35 
$-15008 Adapter Plate, For Remote Operation 
Ea. $16.75 
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Madrid, Spain. (Miss E. L. Hughes, 3007 
Salzedo, Coral Gables, Fla.) 
23. Association for the Advancement of 


Psychoanalysis, New York, N.Y. (New 
York Acad. of Medicine, 2 E. 103 St., 


New York.) 

23-2, International Film Cong., 13th, 
London and Oxford, England. (Intern. 
Scientific Film Assoc., 3 Belgrave Sq., 
London S.W.1.) 

24-25. Solid Propellants Conf. (Ameri- 
can Rocket Soc.), Princeton, N.J. (A. F. 
Denham, ARS, 925 Book Bldg., Detroit 
26, Mich.) 

24-26. American Assoc. of Medical 
Clinics, Chicago, Ill. (E. P. Jordan, Box 
58, Charlottesville, Va.) 

24-26. American Assoc. for the Sur- 
gery of Trauma, Bretton Woods, N.H. 
(W. T. Fitts, Jr., 3400 Spruce St., Phila- 
delphia 4, Pa.) 

24-26. Central Assoc. of Obstetricians 
and Gynecologists, Chicago, Ill. (E. J. De- 
Costa, 104 S. Michigan Ave., Chicago 3.) 

27-30. American Inst. of Chemical En- 
gineers, natl., St. Paul, Minn. (F. J. Van 
Antwerpen, AICE, 25 W. 45 St., New 
York 36. ) 

28-30. American Oil Chemists’ Soc., 
fall, Los Angeles, Calif. (Mrs. L. R. Haw- 
kins, AOCS, 35 E. Wacker Drive, Chi- 
cago 1, Ill.) 

28-30. Telemetering, natl. symp., San 
Francisco, Calif. (G. L. Larse, Lockheed 
Aircraft Corp., Missile Systems Div., Sun- 
nyvale, Calif. ) 

28-1. Recent Developments in Research 
Methods and Instrumentation, 9th annual 
symp. and exhibit, NIH, Bethesda, Md. 
(J. B. Davis, National Institutes of Health, 
Public Health Service, Bethesda 14.) 

28-2. American College of Surgeons, 
45th clinical cong., Atlantic City, N.J. 
(R. M. Cunningham, Jr., ACS, 40 E. Erie 
St., Chicago 11, Ill.) 

30-1. Industrial Electronics, 8th an- 
nual symp., Pittsburgh, Pa. (R. H. Del- 
gado, 954 Brentview Dr., Pittsburgh 36.) 

30-1. Mississippi Valley Medical Soc., 
St. Louis, Mo. (H. Swanberg, 510 Maine 
St., Quincy, Ill.) 


October 


1-4, American Soc. of Industrial De- 
signers, Asheville, N.C. (Mrs. R. R. La- 
risch, ASID, 15 E. 48 St., New York 17.) 

1-4, Electrochemical Thermodynamics 
and Kinetics, annual intern., Vienna, Aus- 
tria. (M. P. Van Rysselberghe, CITE for 
the U.S., Dept. of Chemistry and Chemi- 
cal Engineering, Stanford Univ., Stan- 
ford, Calif. ) 

4-7. American Inst. of Mining, Metal- 
lurgical and Petroleum Engineers, fall, 
Dallas, Tex. (E. O. Kirkendall, AIMMPE, 
29 W. 39 St., New York 18.) 

4-9. Society of Motion Picture and 
Television Engineers, semi-annual conv., 
New York, N.Y. (C. S. Stodter, SMPTE, 
55 W. 42 St., New York, 36.) 

5-7, Aeronautical Communications, 5th 
symp., Utica, N.Y. (L. G. Cumming, Inst. 
of Radio Engineers, 1 E. 79 St., New York 
21.) 

5-7. Chemical Engineers, annual, Es- 
sen, Germany. (Dr. Miessner, VDI- 
Fachgruppe, Verfahrenstechnik, Rhein- 
gauallee 25, Frankfurt-am-Main, Ger- 
many.) 
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5-7. National Assoc. of Corrosion En- 
gineers, Northeast regional, Baltimore, 
Md. (T. J. Hull, NACE, 1061 M & M 
Bldg., Houston, Tex.) 

5-8. American Acad. of Pediatrics, 
Chicago, Ill. (E. H. Christopherson, 1801 
Hinman Ave., Evanston, Ill.) 

5-9. American Soc. of Anesthesiologists, 
Bal Harbour, Fla. (J. W. Andes, 188 W. 
Randolph St., Room 1101, Chicago, Ill.) 

5-9. Audio Engineering Soc., 11th an- 
nual, New York, N.Y. (AES, P.O. Box 12, 
Old Chelsea Station, New York 11.) 

5-10. Society of Automotive Engineers, 
aeronautical meeting and aircraft manu- 
facturing forum, Los Angeles, Calif. (R. 
W. Crory, Meetings Operation Dept., 
SAE, 485 Lexington Ave., New York 17.) 

5-16. Institute of the Aeronautical 
Sciences, biennial Anglo-American conf., 
New York, N.Y. (R. R. Dexter, IAS, 2 
E. 64 St., New York 21.) 

6-8. Aeronautical/Astronautical Prob- 
lems of High Speed Flight, Stanford, 
Calif. (E. Haynes, Deputy Director, Aero 
Sciences Directorate, Air Force Office of 
Scientific Research, Washington 25.) 

6-9. High Temperature Technology, 
intern. symp., Asilomar, Calif. (Public 
Relations Office, Stanford Research Inst., 
Menlo Park, Calif. ) 

7-8. Advanced Propulsion, 2nd symp. 
(classified), Boston, Mass. (Lt. Col. P. 
Atkinson, Propulsion Div., Air Force 
Office of Scientific Research, Washing- 
ton 25.) 

7-9. Vacuum Technology, symp., Phila- 
delphia, Pa. (American Vacuum Soc., Box 
1282, Boston, Mass. ) 

7-11. International Conv. on Nutrition 
and Vital Substances, 5th, Konstanz- 
Zurich, Switzerland. (Secretary General, 
Benmerocerstrasse 61, Hannover-Kir- 
chrode, Germany. ) 

8-10. American Assoc. of Textile 
Chemists and Colorists, natl. conv., Wash- 
ington, D.C. (G. P. Paine, AATCC, P.O. 
Box 28, Lowell, Mass. ) 

8-10. American Ceramic Soc., Bedford, 
Pa. (F. P. Reid, ACS, 4055 N. High St., 
Columbus 14, Ohio. ) 

8-10. American Soc. of Tool Engineers, 
semi-annual, St. Louis, Mo. (H. E. Con- 
rad, ASTE, 10700 Puritan Ave., Detroit 
38, Mich.) 

8-10. Biology of Pyelonephritis, intern. 
symp., Detroit, Mich. (E. L. Quinn, 
Henry Ford Hospital, W. Grand Blvd. at 
Hamilton, Detroit 2.) 

8-10. Optical Soc. of America, annual, 
Ottawa, Canada. (S. S. Ballard, Dept. of 
Physics, Univ. of Florida, Gainesville. ) 

9-13, American Soc. of Civil Engineers, 
Los Angeles, Calif. (E. S. Kirkpatrick, 
ASCE, 33 W. 39 St., New York 18.) 

11-16. American Acad. of Ophthalmol- 
ogy and Otolaryngology, Chicago, Ill. (W. 
L. Benedict, 15 Second St., SW, Roch- 
ester, Minn.) 

11-16. American Inst. of Electrical En- 
gineers, fall general, Chicago, Ill. (N. S. 
Hibshman, AIEA, 33 W. 39 St., New 
York 18.) 

11-16. American Soc. for Testing Ma- 
terials, Pacific area natl., San Francisco, 
Calif. (R. J. Painter, ASTM, 1916 Race 
St., Philadelphia 3, Pa.) 

12-14, Clay Conf., 8th natl., Norman, 
Okla. (C. G. Dodd, Eighth Natl. Clay 
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5:10 P.M.: Beginning of a difficult, time-consuming analysis: 


Cary Spectrophotometers Record 


...with the Program Control Accessory 


This useful accessory enables CARY SPECTROPHOTOMETERS to 
automatically repeat spectral scans at predetermined time 
intervals. Scans may be repeated at intervals ranging from 
as little as 10 minutes to 24 hours, and may be spaced in any 
desired program. 

Some laboratories almost double the usefulness of their 
CARY SPECTROPHOTOMETERS by using them during the day on 
routine work, then setting them up with the Program Control 
for automatic analysis during the night. 

However, automatic programming is just one feature which 
demonstrates the unmatched versatility of CARY SPECTRO- 
PHOTOMETERS. The wide wavelength range, high resolution, 
low stray light, plus the availability of a number of useful 
accessories for other measurement techniques, enable Cary 
Instruments to serve a wide analyticai field. 

Complete information on these versatile instruments is 
yours for the asking. Write for Data File E-13-89. 





Spectra Around the Clock...unattended 
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GET YOUR ADVANCE COPY 


of the General Program of the 
AAAS Chicago Meeting 


by first class mail — early in December 


The General Program of the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959, will be 
available to you within the first week in December—whether you can attend the Meeting or not. 
Effective this year, the former General Program-Directory, which had become an unwieldy 
book of more than 400 pages, has been separated into two publications, namely: 
a) The Directory of AAAS Officers and Activities, 96 pp., already published; and 
b)The General Program of the Annual Meeting, c. 200 pp., which will appear early in 
December. 
Both of these, sold at cost, may be purchased separately—in advance (see coupon below), or at the 
meeting. Some of their respective contents are: 


The General Program The Directory 


1. The two-session general symposium, ‘Moving Frontiers of 
Science IV,” arranged by the Committee on AAAS Meetings. 


— 


AAAS officers, staff, committees for 1959. 


2. Programs of the 18 AAAS sections (symposia and con- 2. Section committees and other AAAS Council members. 
eee eee: bakit ee 3. The 285 affiliated organizations. 

3. Programs of the more than 70 participating societies. : \ ; 

4. Sessions of the Conference on Scientific Communication, 4. Historical sketch and organization of the Association. 
Conference on Scientific Manpower, and the Academy 5. Complete roll of AAAS presidents and their fields. 
Conference. 

5. The Special Sessions: AAAS Address and Reception, Na- 6. Publications of the Association, including all symposium 
tional Geographic Society, Phi Beta Kappa, Sigma Xi, volumes. 

RESA, Tau Beta Pi Association. . : } 

6. Details of the Morrison Hotel—center of the Meeting—and 7, AAAS Awards—including all past winners. 
of the other session sites. 8. Future Meetings of the AAAS through 1963. 

7. Titles of the latest foreign and domestic scientific films to be : ore 
shown in the AAAS Science Theatre. 9. New and current activities of the AAAS. 

8. Exhibitors in the 1959 Annual Exposition of Science and 10. Constitution and Bylaws. 


Industry and descriptions of their exhibits. 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 2) You re- 
ceive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to attend; 
3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program; the Directory may also be ordered. 
—THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM— 
(AND FOR THE DIRECTORY, IF ALSO DESIRED) 
la. 0 Enclosed is $3.00 for my advance Registration Fee which brings me the General Program, Convention Badge, and all 
privileges of the Meeting. 


1b. Enclosed is $2.00 for only the General Program. (It is understood that, if I should attend the Meeting later, the Badge— 
necessary for the privileges of the Meeting—will be secured for $1.00 more.) 
(Check la or 1b) 


1c. DF Enclosed is $1.00 for the Directory of AAAS Officers and Activities to be sent now. 


Total amount enclosed $ 


es RI Ria SPARE MTC MMOR NOES) oe ss es Sea sa SONS is w oe ae eae UN Sw eee e's wae Odio dase erterele died Ane huis ISHII RNONN Oe eee 
(Please print or typewrite) (Last) (First) (Initial) 
3. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 


ee ee ee ee ee 


er 


See HPO OHHH HEHE HL oH HEHHE HOHE HEHEHE HEHEHE HEH HEHEHE EH HEHEHE HEHEHE HEHEHE HEE 


a A ae sat a adalah n+ tsb cosbenainn Tiag ater sy! ieee 
Please mail this Coupon and your check or money order for the total amount to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
é 1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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Conf., University of Oklahoma, Norman.) 

12-14. Electronics Conf., 15th annual 
natl., Chicago, Ill. (NEC, 228 N. La Salle 
St., Chicago 1, Ill.) 

12-16. Macromolecules, intern, symp. 
(IUPAP), Wiesbaden, Germany. (W. 
Mauss, Intern. Symp. on Macromolecules, 
c/o Kalle & Co., Rheingaustrasse 25, 
Wiesbaden-Biebrich, Germany. ) 

12-19. Venereal Diseases, intern. cong. 
(by invitation), London, England. (G. E. 
W. Wolstenholme, Ciba Foundation, 41 
Portland Pl., London, W.1, England.) 

13-17. International Union against the 
Venereal Diseases and the Treponema- 
toses, London, England. (Institut Alfred 
Fournier, 25, Boulevard Saint-Jacques, 
Paris 14°, France.) 

14-16. Parenteral Drug Assoc., annual 
conv., New York, N.Y. (H. E. Boyden, 
Parenteral Drug Assoc., 130 E. 59 St., 
New York 22.) 

14-17. American College of Chest Phy- 
sicians, 25th, Albuquerque, N.M. (M. 
Kornfeld, 112 E. Chestnut St., Chicago 
11, Ill.) 

15-16. American Ceramic Soc., Glass 
Div., Wernersville, Pa. (F. P. Reid, ACS, 
4055 N. High St., Columbus 14, Ohio.) 

15-17. Academy of Psychosomatic Med- 
icine, Cleveland, Ohio. (B. B. Moss, Suite 
1035, 55 E. Washington St., Chicago 2.) 

15-17. National Soc. of Professional 
Engineers, fall meeting, Seattle, Wash. 
(P. H. Robbins, NSPE, 309 Bancroft 
Bldg., Univ. of Nebraska, Lincoln.) 

16-17. Association of Midwest College 
Biology Teachers, conf., Notre Dame, Ind. 
(G. R. Bernard, Dept. of Biology, Univ. 
of Notre Dame, Notre Dame, Ind.) 

17-18. American Acad. of Psychothera- 
pists, 4th annual conf., New York, N.Y. 
(AAP, 30 Fifth Ave., New York 11.) 

17-25, Plastics Industry, intern. fair, 
Diisseldorf, Germany. (Nordwestdeutsche 
Ausstellungs Gesellschaft (NOWEA), 
Ehrenhof 4, Diisseldorf.) 

18-22. Electrochemical Soc., Colum- 
bus, Ohio. (R. K. Shannon, ES Inc., 216 
W. 102 St., New York 25.) 

18-23. American School Health Assoc., 
Atlantic City, N.J. (A. O. DeWeese, 515 
E. Main St., Kent, Ohio.) 

18-23. American Soc. of Plastic and 
Reconstructive Surgery, Miami Beach, 
Fla. (T. R. Broadbent, 508 E. South 
Temple, Salt Lake City, Utah.) 

19-21. High Polymer, 9th Canadian, 
Toronto, Ontario, Canada. (K. E. Rus- 
sell, Dept. of Chemistry, Queen’s Univ., 
Kingston, Ontario. ) 

19-22. Semiconductor Symp. (Electro- 
chemical Soc.), Columbus, Ohio. (A. C. 
Beer, Battelle Memorial Inst., 505 King 
Ave., Columbus 1, Ohio. ) 

19-23. American Public Health Assoc., 
87th annual, Atlantic City, N.J. (B. F. 
eta, 1790 Broadway, New York 19, 

By.) 

19-23, American Soc. of Civil Engi- 
neers, annual conv., Washington, D.C. 
(W. H. Wisley, ASCE, 33 W. 39 St., New 
York 18.) : 

19-31. International Cong. of Thera- 
peutics, Strasbourg, France. (Prof. Fon- 
taine, Dayen de la Faulte de Strasbourg, 
France. ) 

19-31. Pan American Medical Assoc., 
10th conf., Mexico, D.F., Mexico. (J. 
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Eller, PAMCA, 745 Fifth Ave., New 
York 22.) 

20-22. Standards, 10th natl. conf., De- 
troit, Mich. (K. G. Ellsworth, American 
Standards Assoc., 70 E. 45 St., New 
York 17.) 

20-23. Clean Air, intern. conf., Lon- 
don, England. (National Soc. for Clean 
Air, Palace Chambers, Bridge St. London, 
S.W.1, England. ) 

22-24. Acoustical Soc. of America, fall 
meeting, Cleveland, Ohio. (W. Waterfall, 
ASA, 335 E. 45 St., New York 17.) 

22-24. American Documentation Inst., 
annual, Bethlehem, Pa. (R. S. Taylor, 
Lehigh Univ., Bethlehem, Pa.) 
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22-25. British Medical Assoc., annual 
clinical, Norwich, England. (W. Hedg- 
cock, BMA House, Tavistock Sq., Lon- 
don, W.C.1, England. ) 

23-24. Canadian Soc. for the Study of 
Fertility, Montreal, Canada. (J. F. Camp- 
bell, 238 Queen’s Ave., London, Ont., 
Canada. ) 

23-25. American College of Cardiol- 
ogy, 8th annual, Philadelphia, Pa. (P. 
Reichert, ACC, Empire State Bldg., New 
York 1.) 

23-27. American Heart Assoc., annual, 
Philadelphia, Pa. (W. F. McGlone, AHA, 
44 E. 23 St., New York 10.) 

24-29. Darwin Centennial, intern. cele- 


IDEAL FOR PRECISE 
MICROGAS ANALYSIS AND 


MODEL UVL 
FOR PHOTOSYNTHESIS WORK 


ore} gal er-tent 


operates on any lab bench 








accurate 


double capillary monometers 
read at a glance 
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bration, Chicago, Ill. (Office of Public 
Relations, Univ. of Chicago, III.) 

24-29. First All-India Cong. of Zool- 
ogy, Jabalpur. (B. S. Chauhan, Zoologi- 
cal Survey of India, 34 Chittaranjan Ave., 
Calcutta 12.) 

27-27. Griseofulvin and Dermatomy- 
coses, intern. symp., Miami, Fla. (H. 
Blank, Dept. of Dermatology, Univ. of 
Miami School of Medicine, Miami 36.) 

26-28. Aeronautical and Navigation 
Electronics, IRE conf., Baltimore, Md. 
(L. G. Cumming, IRE, 1 E. 79 St., New 
York 21.) 

26-28. Analytical Chemistry in Nuclear 
Reactor Technology, 3rd conf., Gatlin- 
burg, Tenn. (C. D. Susano, Oak Ridge 





LAB-TEK 


Modules “‘stack-file’’ in 


one compact unit. 


Safe, Accurate and Convenient 


Tudor Modular cabinets — precision 
engineered for laboratory filing and 
storage. Durably constructed of heavy 
gauge steel with reinforced corners, 
double-wall panels and hi-impact plas- 
tic drawers. Stacked in a vertical col- 
umn, they use less than 2 sq. ft. of floor 
space. Doors have hideway design 
which permits complete access to plas- 
tic filing drawers. Smooth rolling 
castered base permits easy cabinet 


movement. 


For safe filing and compact stor- 
age, use versatile Tudor Modular 
Cabinets by Lab-Tek! 
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WN 


Tudor Modular Cabinets 






Natl. Lab., P.O. 
Tenn. ) 

26-28. Gas Lubricated Bearings, Ist 
intern. symp., Washington, D.C. (S. W. 
Doroff, Power Branch, Office of Naval 
Research, Washington 25. ) 

26-28. National Rehabilitation Assoc., 
Boston, Mass. (E. D. Callahan, 14 Court 
Square, Boston 8.) 

26-28. Society of Automotive Engi- 
neers, natl. transportation meeting, Chi- 
cago, Ill. (R. W. Crory, SAE, 485 Lex- 
ington Ave., New York 17.) 

26-30. Society of Photographic Scien- 
tists and Engineers, natl. conf., Chicago, 
Ill. (SPSE, Box 1609, Main Post Office, 
Washington, D.C.) 


Box Y, Oak Ridge, 









TISSUE-TEK 1000 
Simplified, compact storing and fil- 
ing for Tissue-Tek embedding rings. 
Deluxe metal cabinet has 6 hi- 
impact plastic drawers to provide 
storage for 1000 rings. 


MICROSLIDE 2000 

2000 standard 3” x 1” slides stored 

in polyurethane-lined compartments. 
Drawer liners cushion slides and 
assist convenient ‘‘pop-out'’ re- 
moval, Vented design allows com- 
plete drying of cover slip mounting + 
media. 


2”x2” PHOTOSLIDE 3000 
Stores 3000 standard 2”x2” photo- 


slides. Six plastic drawers in each 
Tudor Module. 








Contact your Lab-Tek Dealer 
or write 





PPLASTICS CO.}} LAB-TEK PLASTICS CO. 





39 East Burlington Ave. 
Westmort, Ill. 








New Products 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed appears 
on page 470. 


™ VECTOR IMPEDANCE LOCUS PLOTTER is 
a portable laboratory instrument de- 
signed to measure continuously and 
plot automatically and simultaneously 
the rectangular components, resistance 
and reactance, of the equivalent com- 
plex impedance of any passive electrical 
element. (Chesapeake Instrument Corp., 


Dept. 1) 


™ RANDOM NOISE SOURGE provides a 
choice of balanced or unbalanced cali- 
brated output, each with several im- 
pedances. Noise figure, defined as the 
ratio of actual noise power to ideal- 
system noise power, may be read di- 
rectly from a meter. Frequency range is 
5 to 220 Mcy/sec. Noise-figure range is 
0 to 16 db at nominal 50-ohm imped- 
ance and 0 to 23.8 db at 300 ohm. The 
indicating meter is calibrated logarith- 
mically in decibels for noise figure and 
linearly in milliamperes d-c. (Kay Elec- 


tric Co., Dept. 2) 


™ COMPACYTOR uses kneading action to pre- 
pare samples of bituminous mixes, as- 
phaltic concrete, soils, and similar ma- 
terials. Compaction pressure, time of 
dwell, and rate of compaction are ad- 
justable. Two molds (4 and 6 in. in di- 
ameter) are provided. A_heated-foot 
assembly is available, as an accessory. 
Manual or automatic electrohydraulic 
operation is provided. (Soiltest, Dept. 3) 


™ COMPARISON BRIDGE measures resist- 
ance, capacitance, and inductance at 60 
cy/sec, Resistance range is 3 ohm to 5 
megohm; capacitance 500 pf to 1000 
uf; inductance 3 mh to 10,000 hy. Five 
meter ranges indicate full-scale differ- 
ences from 1 to 25 percent. Accuracy on 
range 1 is +0.1 percent. A switch that 
may be foot-operated protects the meter 
circuit during insertion or removal of 
components. (Metronix Inc., Dept. 4) 


®RESONANT REED RELAY responds by 
contact closure, for a fraction of each 
cycle, to signals of proper frequency. A 
typical relay provides 32 channels from 
30 to 1000 cy/sec with bandwidths less 
than 1.5 percent and sensitivity of 1.5 
mw. Frequency variation with tempera- 
ture is less than + 0.5 percent from — 60° 
to + 150°F. The device is resistant to 
vibration up to 10 g in the plane of reed 
motion and to 20 g in the other axes for 
vibration frequencies between 20 and 
800 cy/sec. Size is % in.2 by 1% in. 
(Wurlitzer, Dept. 8) 
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@ FUNCTION GENERATOR contains up to 
ten curves, each printed on a thin plastic 
sheet, all of which are pressed together 
into a single laminated sheet approxi- 
mately 3/64 in. thick. The laminated 
sheet is made to fit the manufacturer’s 
recorder-curve follower. A  cable-con- 
nected switch unit permits selection of 
individual curves to be followed. Any 
desired function can be printed. An in- 
itial model contains ten common func- 


tions. (F. L. Moseley, Dept. 6) 


®@x-y RECORDER consists of an 11-by-17- 
in. plotter with separate input modules 
for general-purpose, computer, low-level 
differential, time-base, curve-following, 
and other specialized functions. Func- 
tion modules are remotely operated. In- 


’ ternal calibration, accurate to + 0.05 per- 


cent, is provided by a Zener diode refer- 
ence. Record paper is held down by 
vacuum. (Electro Instruments, Dept. 5) 


®powER supPPLY for cathode-ray tubes 
provides all power required for high- 
intensity cathode-ray tubes with pre- 
and post-acceleration, including focus 
and intensity controls and coupling con- 
densers, in a space less than 2.5 by 4 by 
5.5 in. The unit can be operated at alti- 
tudes up to more than 70,000 ft without 
pressurization. Input is 115 v, 380 to 
1500 cy/sec; outputs are 6.3 v at 1 amp, 
2.5 kv at 100 wa, and — 2.5 kv up to 500 
ua. Ripple value in a typical circuit is 
said to be less than 1 percent. (Avionics 
Research Products, Dept. 13) 


"INTEGRATING MANOMETER reads aver- 
age of pressures indicated by 2 to 49 
manometers. Averaging is «ccomplished 
by using precision-bore tubing and pro- 
viding cross-manifold, cross-reservoir, 
and guillotine-type values for individual 
tubes. The unit may be used without 
modification as a standard multibank 
manometer. (Dynametrics, Dept. 10) 


"rsters are described in 48-page book- 
let which outlines the properties and 
applications of 26 esters. Basic reference 
data are provided by 27 graphs and 
tables which show evaporation rates, 
viscosities of solutions, dilution ratios, 
Specific gravities, constant boiling mix- 
tures, and other properties. A detailed 
bibliography is included (Union Car- 
bide Chemicals, Dept. 15) 


S ENVIRONMENTAL TEST CHAMBER is de- 
signed to fit into a standard 19-in. relay 
rack. Chamber volume is 1.5 ft. The 
unit is furnished with indicating con- 
troller, forced-air circulator, electric 
heating, and direct refrigeration; it is 
available mounted or separate. (Conrad, 
Dept. 14) 

JosHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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A COLEMAN 
UNIVERSAL 


spectrophotometer 


offers precision, 


speed, 


RELIABILITY 
and versatility 


The Universal performs precise analyses faster 
than any other spectrophotometer. The design 
of this instrument constitutes a classic approach 
to the use of the visible spectrum as an analytical 
tool...and thus the Universal allows the 
valid use of calibration curves (precision) . . . 
it provides consistent reproducible accuracy day 
after day... (it’s reliable) ... and its inherent 
simplicity avoids numerous mechanical and 
electronic adjustments (speed). 


“Universal” is this Coleman spectrophotom- 
eter’s middle name . . . it promises a very 
broad scope for the analyst who has a wide 
range of interests (versatility). Simple, inex- 
pensive adapters quickly convert it for neph- 
elometry, fluorimetry, trace determinations, 
micro analysis and other unusual and useful 
determinations. 


If you don’t already know about this remarkable 
instrument—ask for Bulletin B-241A. 


COLEMAN @) 


INSTRUMENTS 


PRECISION ALONE IS NOT ENOUGH 


COLEMAN INSTRUMENTS, INC., DEPT, 8S, MAYWOOD, ILL. 
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now available for 


snonent tron ck (athionine C 
(-methionine C“ 
atenine-8-C" 
sodium propionate C 
guanine-8-C 


send for catalog listing over 500 RADIOCHEMICALS 


produced at the world’s largest 
commercial radiochemical facilities 














CELLS “, 








GLASS ABSORPTION 
KLETT 


made 





SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 














a 


a 
racerlab 1610 Trapelo Road, Waltham, Mass. 
2030 Wright Avenue, Richmond, Calif. 


2419 South Bivd., Houston, Texas 








Klett Manufacturing Co. 
179 East 87 Street, New York, New York 











PERSONNEL PLACEMENT 

















CLASSIFIED: —— Wanted, i per 
word, minimum charge x" Use of 
Box Number counts as 10 additional 
words. Payment in advance is required. 
Positions Open, $33 per inch or frac- 
tion thereof. No charge for box 
number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 fem aa oT ag Ave., NW 
Washington 5, 


$33.00 per inch 
30.00 per inch 
28.00 per inch 
27.00 per inch 


mM 
Hl 


[lM POSITIONS WANTED |i] 


ll POSTTIONS OPEN |i 





Neuroanatomist-Neurophysiologist, Ph.D. Zool- 
ogy and medical school teaching; Phi Kappa 
Psi, Alpha Kappa Kappa, Sigma Xi. Age 33; 
14 publications. Curriculum vitae write Box 200, 
SCIENCE, 8/28; 9/4, 11, 18, 25 





Pharmacologist- ‘Psychologist, more than 10 
years’ experience in industrial pharmacology ; 
recent M.A. in psychology. Desires industrial 
personnel or administration. Prefer southern lo- 
cation. Box 195, SCIENCE. X 





Plant Physiologist, Botanist, Ph.D. Desires re- 
search opportunity biochemical, experimental 
morphogenesis; or curatorial position economic 
botany—noxious, cryptogamic plants. Editorial 
work considered. Box 201, SCIENCE. xX 


Iiiili| Postr10Ns OPEN |i 























tk |\\|| POSITIONS WANTED ||| 





Medical Mycologist. Ph.D, For research and 
teaching. Broad experience with fungi, tubercle 
bacilli, actinomycetes, transduction, genetics. 
Box 193, SCIENCE. 8/14, 21 





Medical Abstracting or Writing. Experience 
Geel pharmaceutical house. Box 202, SCI- 





Microbiologist, Ph.D. Desires teaching or re- 
search position. Box 198, SCIENCE. x 
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ELECTRONIC ENGINEER OR 
PHYSICIST 


Manufacturer of synthetic fibers with sub- 
sidiary interests in the field of electronic 
components is expanding its research efforts 
in electronics and has an opening for an 
electronic engineer or a physicist with strong 
theoretical background and experience in 
electronics to assist in the design of experi- 
ments for achieving specified research goals 
in the field of dielectric materials. Will be 
responsible for testing the physical and elec- 
trical properties of specialty insulators for 
micro-wave systems. 

Pleasant working and living location near 
Asheville, N.C. Excellent benefits; 5:day work 
week ; moving expenses. Send complete ré- 
sumé, including salary requirements, to Em- 
ployment Manager, Enka, N.C. 

AMERICAN ENKA CORPORATION 





(a) Bacteriologist; Ph.D., equivalent, experi- 
enced medical bacteriology, able supervise this 
section, work of five employees ; 450-bed general 
teaching hospital; to $9000; eastern metropoli- 
tan area. (b) Biochemist; excellent opportunity 
for qualified Ph.D. to supervise clinical sec- 
tion, teach technologists, establish new tests; 
some research opportunity; three new labora- 
tories under construction in 400-bed general hos- 
pital; to $12,000; Midwest. (c) Chemist; B.S., 
M.S., qualified in latest procedures;  well- 
equipped, busy county public health laboratory; 
minimum $6500; New York. (d) Bacteriologist; 
M.S. to head busy department in active labora- 
tory, 400-bed hospital; some teaching; to 
$7200; midwestern college city 50,000. (e) Bio- 
chemist; Ph.D. experienced in coagulation, 
train in-plant visitors, keep abreast of competi- 
tive products, deliver coagulation seminars; 
about $10,000; eastern pharmaceutical concern. 
Woodward Medical Bureau, Ann Woodward, 
Director, 185 North Wabash, Chicago. 





Biological Production. Srpottantty for top pro- 
duction man, either D.V.M. Ph.D., biologi- 
cal production with an ethical. veterinasy supply 
company. Requirements include biological pro- 
duction experience, administrative and executive 
potential, and ability to direct people. Oppor- 
tunity for growth. Salary commensurate with 
training and experience, Other employee benefits. 
Box 196, SCIENCE, 8/28; 9/4 














College Textbook Representative 


Creative opening in Northeast or Midwest 
for expanding department of leading techni- 
cal publisher. Young man with publishing 
and/or science or engineering background 
required, Replies confidential. Send résumé. 


Box 199, SCIENCE 
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LITERATURE SCIENTISTS 


To evaluate, abstract, and code scientific 
information for mechanized literature re- 
trieval system. Training in biological or 
medical sciences. Writing and foreign- 
language abilities. Reply to 


Employment Division 


ABBOTT LABORATORIES 
North Chicago, Illinois 














NEW WORLD-WIDE GRADUATE 
AWARD DIRECTORY. First compilation ever 
prepared for American scientists, teachers, and 
librarians to subsidize their education and re- 
search in more than 350 universities in 45 states, 
30 foreign lands. Stipends $200—-$10,000. Com- 
plete information. Just published. Send $2 now. 
CRUSADE, Sci., Box 99, Station G, Brooklyn 


22, N.Y. eow 





Pharmaceutical Chemist. Pharmaceutical chem- 
ist, Ph.D., to head pharmaceutical research and 
development section of expanding research de- 
partment. Growing company in field of ethical 
biological and pharmaceutical products. Must 
have administrative and executive potential and 
must be able to direct and coordinate research 
projects. Opportunity and growth potential ex- 
cellent. Salary commensurate with training and 
experience. Box 197, SCIENCE. 8/28; 9/4 





Pharmacologist, M.D. or Ph.D. to organize and 
direct new laboratory in growing pharmaceutical 
operations of N.Y.S.E. listed company. Candi- 
date should have broad interest, practical ap- 
proach and working familiarity with evaluation 
procedures in diverse fields of drug action. Ex- 
cellent opportunity for well- trained young man 
for key position. Submit résumé, discussion of 


interest, photo, and salary requirements. Con- 
fidence will be fully respected. Box 190, 
SCIENCE, 8/21 





Ph.D., Pharmacologist. With interest in drug 
evaluation and pharmacodynamics for position of 
senior pharmacologist with expanding research 
department of midwestern pharmaceutical com- 
pany. Some industrial experience preferred. Send 
vita and salary record to Box 178, SCIENCE. 

9/31; 8/7, 14 





Research Associateship available in synthetic 
organic chemistry with emphasis on heterocyclic 
nitrogen and oxygen compounds. Salary depen- 
dent upon qualifications. Charles H. Jarboe, De- 
partment of Pharmacology, University of Louis- 
ville, School of Medicine, Louisville 2, Ky. X 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 i ve 00. Yeari 
(12 issues) membership, $5.0! RUSAD 

SCI., Box 99, Station G, Pl oy N.Y. ew 








SENIOR 
SCIENTIST 


Research openings in expanding 
pharmaceutical company located 
in non-metropolitan central New 
York State community: 
Pharmacologist, Ph.D., 
Cardiovascular 
Bacteriologist, Ph.D., 
Immunology 
Bacteriologist, Ph.D., 
Research and Development 
Information Scientist, Ph.D., 
Biological Sciences 
forward your resume to 
Professional Employment Manager 
EATON LABORATORIES DIVISION 
THE NORWICH PHARMACAL CO. 
Norwich, New York 
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MYCOLOGIST 


Wyeth Laboratories Inc. has need for the 
services in the Philadelphia area of a scien- 
tist, Ph.D. in mycology or allied science, 
with heavy experience in fermentation proc- 
esses. 
This research man should also have admin- 
istrative ability-——he will supervise a micro- 
biological group consisting of both degree 
and non-degree people. 
Salary commensurate with ability and ex- 
perience. Please send complete résumé, in- 
cluding present salary, to: 
Personnel Department 
Wyeth Laboratories Inc. 
611 E. Nield Street 
West Chester, Pa. 


All replies held in confidence. 











iil POStr10NS OPEN || 


Physiologist or Biochemist. Research institution 
with possible academic affiliation; good facili- 
ties for independent research. Salary dependent 
on qualifications and experience; Philadelphia. 
Box 203, SCIENCE. 8/2 








TI FeCLowsreves (iil 





Microbiologist-Biochemist. Recent or prospective 
Ph.D. Research fellowship for biochemical 
studies on autotrophic bacteria. Active biology 
department. Box 187, SCIENCE. 8/7, 14, 21 


Predoctoral and Postdoctoral Fellowships for 
geneticists and microbiologists in field of ex- 
perimental animal caries. Stipend: predoctoral, 
$1800 first year; $200 increase each additional 
year; $500 allowance for each dependent. Post- 
doctoral, $4500 first year, $500 increase each 
additional year, $500 allowance for each depen- 
dent. Write to Dr. H. R. Hunt, Department of 
Zoology, _Michigan State University, East 
L ansing, Michigan. xX 








USE THIS EASY SELF-MAILER to obtain 


further information 


Manila : 


21 August 1959 


Information Requisition 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in New Products. This cou- 


pon is good for 3 months only. 
From: 
Name ... 
Company 


Street 


ee 


Zone 


(Please print or type) 


Mark, clip coupon—FOLD HERE along this Hne—aall 


Will be Paid 





No 
Postage Stamp 
Necessary 


if Mailed in the 
United States 








BUSINESS REPLY MAIL 
First Class Permit #12711 New York, N.Y. 








Room 740 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| Postage 
| 
| 
| 
| 
| 
| 
| 
| 
a 


Kandevs . ‘Saintes 
To: SCIENCE MAGAZINE 


11 West 42 Street 
New York 36, New York 


Fasten H Only 
Staple, Tape. Glue 












The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 





DISPLAY: Monthly invoices will be sent 
on a charge account basis—provided 
that satisfactory credit is established. 
Single insertion $33.00 per inch 

4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 

13 times in 1 vear 27.00 per inch 

26 times in | year 26.00 per inch 

52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of wsue (Friday of every week). 

















; AND MAGAZINES | AAA 
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* The most widely 
accepted test in 
the US. Used by 
Medical Examin- 
ers of the CAA, 
VA and Armed 
Forces. 








DVORINE 


PSEUDO- 
ISOCHROMATIC 
PLATES* 


H @ Distinguishes the color- 


blind from the 
ignorant. 


@ Classifies the color-blind 
according to type and 
severity of defect. 


@ Special arrangement 
prevents malingering. 
$15 a set, less 5% if 
you send check 


color- 


SCIENTIFIC PUBLISHING CO. 


2328 Eutaw Place- Dept. S—Baltimore 17, Md. 











v| 


K. ae , 
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Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the New Products section as well as 


advertised products. 


NEW PRODUCTS 


Circle below desired number corresponding to: 


ADVERTISERS IN THIS ISSUE 


In the below list, check page number of advertiser from whom you would like 


more information. 


If more than one item appears in ad, 


letters A, B, C are 


used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, U indicates upper ad, L 


lower ad, 


(outside back cover). 


IBC (inside back cover), 
Advertisements in Personnel Placement are not keyed; 


| inside ad, M middle ad, and O outside ad. The covers are 
designated by IFC (inside front cover), 


and OBC 


only fractional pages (one-sixth or larger) in the Market Place are keyed. A 
multiplicity of items is indicated by *. Readers are requested to specify on 


this coupon the particular item in which they are interested; 


request cannot be processed. 


(IFC OD 411* oO 412* C] 413 

[415 C416 — 420 (- 457 

C 458,Ul 2 458,L0 CO 458,L1 0 459 

Cc) 461 C462 Cc 463 0 465 

{] 467 C1) 468,U0 CD 468,Ul tC 1Bc 
470 


otherwise, the 


[) 414 
C1) 458,U0 
C460 
CL 466 
CL] OBC 


. 


Your sets and files of 
scientific journals 


are necded by our library and institutional cus- 
tomers, Please send us lists and description of 
periodical files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 











~ ADVANCES IN 
EXPERIMENTAL CARIES 
RESEARCH 


Editor: Reidar F. Sognnaes 
Price $6.75; AAAS Members’ prepaid 
order price $5.75 
246 pp. 49 illus., index, clothbound. 1955 
This is the first monograph specifi- 
cally devoted to data from the experi- 
mental production and prevention of 
tooth decay in laboratory animals. 
Twenty distinguished investigators, 
representing dentistry and_ allied 
basic sciences, report and review 
their researches. Unusually well or- 
ganized, the book represents a co- 
herent sequence, and is skillfully 
summarized by the editor in a final 
chapter, followed by very detailed 

subject and author indexes. 


AAAS 
1515 Massachusetts Avenue, NW 
Washingten 5, D.C. 








||| PROFESSIONAL SERVICES {ij 











ARE YOU AN 
UNPUBLISHED AUTHOR? 
If you have a book length manuscript you would like 
to have published, our editorial staff will be glad to 
consider it. Submit your work for free editorial evalu- 
ation and further information. We consider all types of 
material: fiction, poetry, juveniles, corporate histories. 


GREENWICH BOOK PUBLISHERS 
Atten.: Mr. Inman, 489 Fifth Ave., N.Y., N.Y. 











||| SUPPLIES AND EQUIPMENT |iji 








WANTED: One Klett (Abramson) Micro- 
electrophoresis Cell, new or used, for mi- 
croscopic observation of particles undergoing 
electrophoresis. Equivalent cells with one or 
two well-defined stationary planes may be 
acceptable. Send complete description and 
quotations to: 
Bioferm Corporation 

P.O. Box 1375 Wasco, California 


e HYPOPHYSECTOMIZED RATS 


so to all points via Air Express 

or further information write 
HORMONE ASSAY LABORATORIES, Inc. 

8159 South Spaulding Ave., Chicago d9, WW. 


FREE Wry 2 Gas 
GRAPH ‘Research MAITCTUFIOMENIIIN 


GRAPH _ Research 
Notes, a technical 
publication on new developments in gas 
chromatography. We offer a complete selection 
of essential supplies and the Aerograph line 
of GLPC equipment. 
Send for your free subscription today 
WILKENS INSTRUMENT & RESEARCH INC. 
Box 313, Walnut Creek, California YEllowstone 5-1469 




























* 
rats 
f the veterinarian 

to research. 


MIZED RATS 


* CHARLES RIVER CD (Caesarean-derived) 
* CHARLES RIVER SD (Sprague-Dawley 


descendants 
* CHARLES RIVER W_ (Wistar descendants) 


THE CHARLES RIVER BREEDING LABS 
Dept. B 1093 Beacon St. Brookline 46, Mass. 


albino 
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The latest word 
in automatically- 
controlled, 
refrigerated 
centrifuges 


* AUTOMATIC CONTROLS 
* SUPERSPEEDS 
° RCF IN EXCESS OF 35,000 x G 
* CONTINUOUS FLOW 
* MODERN, FUNCTIONAL DESIGN 


No fewer than five different rotors may be used in the new 
SERVALL RC-2: Superspeed, Large Capacity, Multi- 
Tube Superspeed, Horizontal, Virus & Particle Counting 
(with others under development). Gyro-Action Direct 
Drive: the only significant self-centering development in a 
decade; provides smoother operation than any other drive 
system. Continuous Flow System permits gallon quantities 
of material to be separated directly in tubes. Automatic Ac- 
celeration, Dynamic Braking, and exclusive Dual Auto- 
matic Temperature Control for accurately maintaining 
material temperature within + 1°C at all times. 


BASIC UNIT INCLUDES STANDARD 8x50 mi SUPERSPEED ROTOR 


Write for more information about this, the Superspeed Auto- 
matic Refrigerated Centrifuge that researchers everywhere have 


been asking for: Bulletin SC-8RC-2. 
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The Making of a Nuclear Engineer 


Our nation’s leadership in the 
expanding atomic age must rest on 
the technical abilities of those peo- 
ple now training to carry it on. The 
growing nuclear knowledge of our 
future scientists is being strongly 
fostered by this Nuclear-Chicago 
Subcritical Training Reactor Labo- 
ratory at more than a dozen im- 
portant American universities and 


colleges. Supplied with the Reactor 
are a carefully selected group of our 
radiation detection and recording 
instruments and specially developed 
experiments for student training. 
We will be glad to supply educa- 
tional institutions with full infor- 
mation on this unique nuclear train- 
ing program, or suggest other pro- 
grams suited to your curriculum. 


nuclear - chicago 
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